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INTRODUCTION. 

The present paper embodies the results of an investigation undertaken under 
the auspices of the Carnegie Institution of Washington, and is the continuation 
and completion of some studies which were published several years ago. Since the 
first publications much additional material has been collected, and, while my collec- 
tions do not pretend to be exhaustive or complete, the specimens are so numerous 
and are regarded as so representative of the rocks of the region that they may prop- 
erly serve as a basis for some general discussion. 

One of the objects of the paper is the detailed description of the many rare rock 
types characterized by the presence of leucite, for which the Italian volcanoes are 
so famous, and most of which are very inadequately known. It was thought also 
that a careful chemical study of these, as well as of the accompanying non-leudtic 
rocks, might throw some light on the magmatic and physical conditions which are 
involved in and control the formation of this rare and interesting mineral. 

Another aim was the description and discussion of the characters of the region 
as a whole, as an addition to the small but growing list of petrographic provinces 
which are more or less adequately known in their petrological and petrographical 
aspects. The study of these would seem to have important bearings on some of 
the broader problems of petrology, especially the theory of differentiation and the 
question of the original homogeneity or heterogeneity of the earth. As regards 
these we are still in the observing and fact-collecting stage of the science, and it 
was thought that the description of the region from the petrological, as well as from 
the petrographical, point of view would be of some value. 

In this connection attention may be called to the introduction of the term ** co- 
magmatic region" to replace the older "petrographical province." It is thought 
that the latter is unsatisfactory in that it implies only the purely petrographical 
characters, without reference to the broader petrological characters and relations (of 
which the petrographical are but one set), the knowledge of which is essential to our 
understanding of a given area of genetically related rocks as a whole. Further- 
more, the term "province" implies that the area is part of a larger one, and, while 
this may ultimately be found to be true in some instances, it would seem better to 
employ some term which does not have this connotation and which does not postu- 
late in the term itself any relations to others. 

It may be objected to the word "comagmatic" that it begs the question of 
common genetic origin for the rocks of a given region. But the word is used merely 
with the idea that the magmas of a certain area have characteristics in common, 
which is the idea underlying the use of "petrographical province," and whether the 
occurrence of these common characters is due to processes of magmatic differentia- 
tion or to other causes is not asserted or implied in the term. 

In the case of the present region, as in many others, it will be found that it is 
naturaUy divisible into smaller groups, around clustered or single centers of intru- 
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VI INTRODUCTION. 

sion or eruption. For these the term "district" is used, the individual points from 
which the igneous rocks were extruded being called ''centers." 

Advantage was also taken of this opportunity to illustrate some of the prac- 
tical applications to the study of rocks of the principles of the new classification and 
nomenclature, and to test their value in petrological investigations. Such an expo- 
sition was especially needed in the matter of types and the use of the proposed rock 
names. In recent literature a number of petrographers have employed the classi- 
fication so far as to give the magmatic position of the various rocks dealt with. But 
the system, to be a practical one, as it is intended to be, must go farther than this, 
and its rock names and other parts of its nomenclature must be capable of use in 
descriptive literature, just as are those of the prevailing systems. 

No apology is therefore offered for the language in which part of the paper is 
couched, nor for the unfamiliar terms employed throughout. On the contrary, it 
is hoped that their use here will aid petrographers to a better understanding of the 
quantitative system, and that the paper will serve in some sort as a working model 
of its methods and applications. Some of the terms which are not to be found in 
the original publication of the quantitative system are the result of subsequent con- 
ferences and discussions between the joint authors of that, and they, as well as fur- 
ther additions, are expected to appear in the Journal of Geology (vol. xiv, 1906). 

The whole region whose rocks are the present objects of study is being investi- 
gated with enthusiasm, especially from the geological and structural points of view, by 
many able Italian geologists, whose published results have been made use of largely. 
Some of the more important of these publications, with those of foreign observers, 
will be found in the bibliographical list given later. With comparatively limited 
opportunities to make the many detailed observations in the field which are needed 
to elucidate all the strictly geological questions involved in the study of the region, 
I can not venture to treat these adequately on the basis of my own knowledge and 
must leave their discussion to the geologists of the country, who have shown such 
zeal in the study of the many interesting problems which their favored peninsula 
presents. I can only express the hope that my Italian confreres will not deem me 
an unwelcome intruder into their proper sphere of investigation, but will consider 
the efforts made here to solve some of the special problems as evidence of the deep 
interest taken in the geology of their country, whose men of science have always 
shown themselves most hospitable to those from abroad. 

It is a great pleasure to express my thanks to the Trustees of the Carnegie 
Institution of Washington, who have so generously aided me in these investiga- 
tions, and have made it possible to bring to completion a long-cherished plan. To 
my colleagues in the quantitative classification. Doctor Cross, Professor Iddings, and 
Professor Pirsson, I am deeply indebted for much kind interest, advice, and aid in 
many ways. As one of the objects of this paper is to serve as an example of the 
practical application of our ideas, they have been frequently consulted, part of the 
manuscript has been examined and commented on by them, and the general form 
in which the descriptions of the types are cast is the result of our joint discussions. 
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GENERAL TOPOGRAPHY AND GEOLOGY. 
Introduction. 

The volcanoes of the Italian peninsula may be referred to several distinct co- 
magmatic regions (petrographic provinces), the distinctions between them being 
based largely upon the petrographic and chemical characters of their rocks, though 
they are also separated by their geologic ages and their topographic and geologic 
relations. The most prominent of these may be enumerated as follows, and are 
shown in the map on the following page: 

The Venetian Region^ comprising the volcanic complexes of the Euganean and 
Berican Hills. 

The Aptdian Region^ comprising the volcanic complex of Monte Vulture. 

The Tuscan Region, comprising the volcanoes of Monte Amiata, Montecatini, 
Orciatico, Campiglia and Roccastrada, with which may be placed the volcanoes 
of Tolfa and Cerveteri, and Monti Calvario and San Vito near Bracdano. 

The Roman Region, comprising the main line of volcanoes which extend from 
Lake Bolsena southeast to Vesuvius and the Phlegrean Fields. 

All of these vary widely in the characters of their eruptive rocks, and differ as 
well in regard to their geological ages. The only one which concerns us here is the 
last mentioned, the Roman Region, so named from the fact that it embraces the chief 
territory of the ancient Roman Republic, as well as the capital city of modem Italy. 
These volcanoes are all of Quaternary age, the eruptions of some of them extending 
into historic and even modem times. Extending in a narrow line between the Apen- 
nines and the Tyrrhenian Sea, these volcanoes occupy the sites of old embayments 
in the Mesozoic and Tertiary sediments which form the backbone of the Italian 
peninsula. 

It will be found convenient to take up the description of the region under the 
different districts into which it may be subdivided, which surround distinct centers 
of volcanic activity, and which are more or less clearly separated from one another. 
These districts are seven in number, and may be thus enumerated, the names be- 
stowed upon them following as far as possible the usages of the Italian geologists: 

(i) Vulsinian Disirid, comprising the volcanic complex around Lake Bolsena. 
Named from the ancient tribe of the Vulsinii. 

(2) Ciminian Districty comprising the volcanoes near Viterbo. Named from 
the Latin appellation of Colli Ciminii. 

(3) SahaUnian District, comprising the volcanic complex aroimd Lake Brac- 
dano. Named from the Roman name of the lake, Lacus Sabatinus. 
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Fio. z. — Sketch map of Italian comagmatic regions. 
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GENERAL TOPOGRAPHY AND GEOLOGY. 3 

(4) LcUian District^ comprising the volcanic complex of the Alban Hills near 
Rome, It is so called from its position in the ancient Latium. 

(5) Hemican Districty comprising the volcanoes in the valley of the Sacco 
River, formerly inhabited by the Hemid, whence the name is derived. 

(6) Auruncan District, comprising the volcano of Rocca Monfina. The name 
is derived from the ancient tribe of the Aurunci. 

(7) Campanian District, comprising the volcanoes of Vesuvius, the Phlegrean 
Fields, and of Ischia. It is named from the Roman province of Campania, in 
which it lies. 

In addition there are a number of very small cones, or remains of cones, at some 
distance from the main line, as at Radicofani, San Venanzo, and Rieti. The rocks 
of these are possibly connected with those of the main line, but they will not be 
described, and their rocks will be only incidentally mentioned. 

The relations of the volcanoes of the Roman Region to the earlier ones of the 
Tuscan Region, which lie rather closely to the north and west, are problematical. 
There is some evidence that the rocks of the two regions are connected genetically, 
as will be pointed out later, but it seems advisable for the present to confine our 
attention to the Roman Region, leaving the discussion of the volcanoes and rocks 
of the Tuscan Region to the future. 

The brief descriptions which follow do not pretend to be complete. They 
serve only to give a general idea of the topography and geology and the vulcano- 
logical structure of the several districts, suflSdent for a proper understanding of some 
of the petrological relations to be discussed in subsequent pages. They are based on 
the most modem literature available, which is due to the activity of the able Italian 
and German geologists who have studied the region, supplemented by the observa- 
tions which I was able to make. 

Vulslnian District 

This district, the most northerly of the zone, extends from the Paglia River on 
the north to the Ciminian District on the south, the boundary between the two 
being irregular and in places not well defined. It embraces an area of about 2,280 
square kilometers, and extends in all directions around Lake Bolsena, which b 
the most prominent topographical feature. 

The lake is quite regularly elliptical in shape, the major axis running north and 
south. Its dimensions are 13 by 11 kilometers, with an area of 114.5 square kilo- 
meters. The lake surface lies 305 meters above sea-level, and the bottom, with 
some irregularities, slopes in general toward a point near the center, where the depth 
is the maximum one of 146 meters. Two small islands project above the water in 
the southern half. 

Lake Bolsena is surrounded by a girdle of hills which slope steeply down 
to the narrow fringing shore. These are the highest on the north, where they 
attain an altitude of 702 meters above sea-level, and among these are the small 
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towns of San Lorenzo and Acquapendente. On the east the hills are of a fairly 
uniform height of 600 to 650 meters, the town of Bolsena lying on the northeastern 
shore, and the city of Orvieto some 14 kilometers northeast of the lake, on the edge 
of the igneous area. The town of Montefiascone is situated on a hill (633 meters) 
near the southeastern comer of the lake. On the south the hills are low, uniformly 
less than 100 meters above the lake-level. On this shore are the villages of Marta 
(at the lake emissary) and Capodimonte, while 15 kilometers to the south is the 
town of Toscanella. The western hills are also low, though somewhat higher than 
on the south, with the town of Valentano near the southwestern comer. 

From this encircling crest of hills the land surface slopes down to the north, 
east, and west, the fall being quite regular, but somewhat diversified by the remains 
of cones and craters. As the rocks are to a large extent somewhat incoherent tuffs, 
the general topography is characterized by erosion ravines, radiating from the lake, 
and often leaving isolated buttes here and there. 

To the west of Lake Bolsena is another, though much smaller, depression, or 
rather plain, surrounded by a girdle of hills, whose circle impinges on that of 
Lake Bolsena. In this is the small Lake Mezzano, and the whole, undoubtedly a 
distinct crater, is known as the Latent Volcano, from a small town on its rim. A 
prominent feature of this is an extensive and very rough-surfaced lava flow, now 
covered with forest, and known as the Selva del Lamone. Owing to bad weather 
I was unfortunately unable to visit the Latent Volcano, though my examination of 
the rest of the district was fairly complete. 

The general structure of the complex (and especially the origin of Lake 
Bolsena) has long been the subject of dispute, and unfortunately the two geologists 
who have studied the district most completely (Modemi and Sabatini) do not 
hold the same views. According to Modemi, the Vulsinian complex has been 
formed by the emptions from four principal vents — the volcanoes of Latent, Bolsena, 
Montefiascone, and Capodimonte — the first three being situated, respectively, on the 
west, northeast, and southeast, and the last being to a large extent now covered by 
the waters of the lake in its southern part. Each of these volcanoes had its own 
smaller flanking and parasitic cones. Lake Bolsena, according to his view, is not 
a true crater lake, due to either the explosion or the falling in of a single large vol- 
canic cone, but rather a lake basin formed by the accumulation of the materials 
ejected from the four surrounding volcanoes. 

On the other hand, Sabatini regards the complex as essentially a system of 
concentric crater ridges and atrios, due to the gradually decreasing vulcanidty 
about one main central vent, of which Lake Bolsena is the crater. Superposed on 
the flanks of, and later than, this main volcano are the smaller ones of Latent, Bol- 
sena, and Montefiascone, with their parasitic cones. 

It is unnecessary here to weigh these two opinions, so diametrically opposed in 
some respects. Each represents the conclusions of an able geologist who has made 
a careful and profound study of the district, Modemi more especially of the western 
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half, and Sabatini of the eastern. For the present, the question must be left an open 
one, and this is the more advisable here, since, whatever be the facts as to the origin 
of the topographic features and structure, they have little bearing on the predom- 
inantly petrological questions treated of in the present paper. 

Clmlnian Dtotiict. 

The Ciminian District immediately adjoins the preceding one on the north, and 
is bounded on the south by the Sabatinian District. Its area is approximately 900 
square kilometers. It is composed of two distinct volcanoes, that of Cimino on the 
north and of Vico on the south, the former being the earlier. 

The remains of the Cimino Volcano are made up of several hills, including 
Monti Pallanzana, Vitorchiano, Cigliano, and Soriano, surrounding on the west, 
north, and east the main mass of Monte Cimino proper, whose highest point has an 
altitude of 1,035 meters above sea-level. This complex is pretty clearly the remnant 
of a single volcano, though the original structure is largely hidden by the extensive 
erosion which it has undergone and which has been much aided by the tuff-like 
character of most of its rocks. 

Immediately to the south, or rather south-southwest, of Monte Cimino, whose 
southern flanks are partiy covered by its ejectamenta, is the better-preserved Vico Vol- 
cano. \^co is a fairly well-preserved volcanic cone of the normal t)^ of strato- volcano, 
the sides sloping up regularly (much more so than in the Vulsinian District) to the 
circular crest, inside which is the small, shallow Lake Vico. North of this lake is 
the site of the last eruption of the volcano, Monte Venere, a small hill, rising 325 
meters above the lake-level, and composed of lava flows with some tuffs and lapilli. 
The lake surface is 507 meters above sea-level, and the steep inner wall of Vico rises 
from 100 meters above this on the south, where it is the lowest, to 456 meters at 
Monte Fogliano on the west. Though the almost perfect circularity of the rim is 
marred by the projection of this last sunmiit, there seems to be no doubt that the 
hollow is a true crater and the volcano a simple one, with few parasitic cones. The 
feature of radial valleys eroded in the loose surrounding tuffs is well marked in the 
topography of this volcano. 

Of the towns which may be mentioned, the city of Viterbo lies in the angle 
between the two volcanoes, west of Soriano and north of Vico. About the Cimino 
Volcano we find the villages of Soriano on the east, Vitorchiano a short distance to 
the north, and Bagnaia on the northwest, while around Vico are San Martino near 
the northwest crater rim, Vetralla on the west, Capranica on the southern edge of 
the area, Rondglione near the southeast shore of Lake Vico, and Caprarola and 
Canepina to the east and northeast. 

Sabatinian District. 

This lies immediately to the south of the Vico Volcano, with whose tuffs its own 
intermingle. The area covered by volcanic rocks is estimated by Modemi at 1,369 
square kilometers, so that in extent it is intermediate between the Vulsinian and the 
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Cimiman districts. It resembles the district fbist described, inasmuch as a sheet of 
water, Lake Bracciano, forms the topographic center. This lake, with an area of 
57.5 kilometers and a depth of 160 meters, has its surface 164 meters above sea- 
level. It is approximately circular in shape, with two or three small bays, and 
is surrounded on the west and north by a girdle of hills, which attain their highest 
altitude above sea-level (602 meters) at Monte di Rocca Romana on the north. Im- 
mediately to the east is the small Lago di Martignano, and the basins of two others 
are represented in the Stracdacappa Marsh and the Valle di Baccano, all three 
being distinctly elliptical or circular and surrounded by rings of hills or curving 
ridges. From the inner wall surrounding Lake Bracciano the land slopes down to 
the west, north and east rather regularly, though it is broken on the west by the 
Tertiary volcanic masses of Monte Calvario and Monte San Vito. On the south the 
hills along the lake shore are lower, and the slope southward is very gentle. 

The general topographic resemblance to the Vulsinian District is very marked, 
though the featiures are on a somewhat smaller scale. Modemi, who has studied 
this district very carefully, argues for it a structure analogous to that which he 
assigns to the Vulsinian. He regards Lake Bracdano as being, not a crater lake, 
but as a lake basin formed by the ejections of the surrounding volcanic vents, of 
which he enumerates and describes eight main ones, with their parasitic cones. This 
view is combated by Sabatini, so that, for the present, the question of the structiu-e 
of the complex and the origin of the lake must be regarded as unsettled. 

Of the towns in the district the most important is Bracdano, on the crest of 
the western lake-rim. Smaller ones are Manziana and Oriolo on the northwest, 
Trevignano on the northern shore, near a small semicircular bay, and Anguillara 
on the southeast shore near the outlet of the lake. 

Latian District. 

The Alban Hills, which make up this district, are situated to the southeast of 
Rome, as is well known, and some 50 kilometers southeast of Lake Bracdano. The 
area covered by the volcanic complex is about 580 square kilometers. 

The complex consists of a drde of hiUs and summits, varying in altitude from 
550 to 939 meters, and with a diameter of about 15 kilometers. Up to this the sur- 
face rises gently from the north, east, and south, while on the west and southwest 
the regularity of this sonuna is broken by the lakes Albano and Nemi and the Valle 
Aricda, the sites of late flanking eruptions. Inside the large drde there rises a 
fairly well-deflned cone, attaining a height of 956 meters and with the crater known 
as Campo d'Annibale at the top. Monte Cavo forms the most prominent and 
almost the highest point of the rim endrcling this. 

The structure is explained by Sabatini, who has made a careful study of the 
complex, as analogous to that of Sonuna and Vesuvius. The larger drde of hills 
is the crater of the earliest volcano, within which, at a later date, was thrown up the 
interior cone of Monte Cavo. The small lakes occup3ring the western slope, and 
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which destroyed much of the earliest crater wall, are true crater lakes, due to later 
eruptions, the positions of the vents having shifted. The tuffs from this volcano 
have covered nearly the whole of ancient Latiimi. 

The most important towns to be mentioned are Rocca di Papa near Monte 
Cavo, Grotta Ferrata, and Frascati on the northwest outer slope of the earliest 
cone, Rocca Priora on the northeast, and Velletri on the southeast, while Marino, 
Castel Gandolfo, Albano, and Genzano are all in the inmiediate vicinity of the 
small, late crater lakes on the west and southwest. 

Heralcan District. 

This district, which lies in the valley of the Sacco, about 50 kilometers east- 
southeast of the Alban Hills, differs from those described above in two respects — 
the geologic structure and the voliune of the eruptive products. Instead of forming 
a single volcano or volcanic complex of large dimensions, the eruptions were of such 
small amount and the vents so widely separated that they formed only six or eight 
small and isolated cones. These may be called the Cones of Ticchiena (between 
Frosinone and Ferentino), Pofi, San Francesco, San Marco, Sant' Arcangelo, Callame 
(the last four around the town of Ceccano), Giuliano, Patrica, Morolo, and Selva 
dei Muli. Of these the one which best preserves any well-deffned vestiges of its 
original form is that of Pofi. This village lies on a hill 295 meters above sea-level 
and 130 above the Sacco Valley bottom, which is formed for the most part of tuffs 
and lapilli, with a few small lava flows, the crater having disappeared. The other 
cones have suffered so extensively from atmospheric degradation that they are now 
represented by areas of volcanic tuffs, with small exposures of lava here and there, 
and with but little trace of the original form. The total area of the volcanic prod- 
ucts is very small— less than 50 square kilometers in all. 

Aunincan District. 

This district is situated about 70 kilometers southeast of the preceding one 
and about 65 north-northwest of Vesuvius, and its volcanic rocks cover an area of 
about 400 square kilometers, roughly estimated. It consists of but one volcano, 
which is called Rocca Monfina. This is of the simple t)T)e of strato- volcanoes, analo- 
gous to that of the Alban Hills and the Somma- Vesuvius mass, and has compara- 
tively few parasitic cones. It possesses an external ring, sloping regularly outward 
on all sides and eroded into radial valleys. The crest of the ring reaches its maxi- 
mum height of 926 meters above sea-level on the southwest side, which is the best 
preserved, the original crater walls having been much degraded, or being at least 
much lower, on the north and east. In the center of the plain inclosed by the large 
crater ring, which measures about 6 kilometers in diameter, rises the dome of Monte 
Santa Croce, the site of the final eruption of the volcano, with the smaller Monte 
Lattani adjoining it on the north. 

Of the towns around this volcano, the only ones which need be mentioned are 
Rocca Monfina, at the east foot of Monte Santa Croce; Teano, near the southeastern 
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•Hlg<^ of the (liHtrlct; Scssa Aurunca, similarly placed on the southwest; and Conca, 
(in thr northern outer slope. 

CamiNUilaii District. 

Thin dlHtrict may be conveniently divided into three subdistricts — the Vesbian,* 
whh h ('ouHihtH of the Vesbian Volcano, a convenient appellation for the mass of 
Mount VrnuviuH and the encircling Monte Sonmia; the Phlegrean, embracing the 
voli anorn of the Phle^ean Fields; and the Ischian, consisting of the island of Ischia. 

The Vehbian Volcano is so well known and has been described so often that 
little nee<l be said of it here. It consists of the older ring of Somma, which forms 
a half-circle open to the south, with a maximum elevation of 1,137 meters. Inside 
thU, and Hiightly eccentric to the south, rises the cone of Vesuvius to a height of 
about 1,300 meters, the product of the long series of eruptions since 79 a. d. The 
valley between the Somma ring and the cone of Vesuvius is called the Atrio del 
Cavallo. 

As is well known, the Vesbian Volcano is a typical strato-volcano, composed of 
lava flows and interbedded tufifs, which are deeply scored by radial erosion valleys 
on the outer slopes of Somma. The total area covered by the eruptive products of 
the volcano, exclusive of the thin beds of tuff which extend to considerable distances 
around it, may be estimated at 300 square kilometers. 

The Phlegrean Fields are only less well known than Vesuvius, and consist of 
numerous small volcanoes, of which GUnther enumerates 26, arranged in 6 groups. 
The most important ones are: Pianura and Soccavo, which are among the earliest; 
Astroni, Olibano, Solfatara, Campiglione, Cuma, Avemo, Monte Nuovo (which is 
the latest and was formed in 1538), Monte di Procida, Capo Miseno, and the small 
islands of Nisida, Procida, and Vivara. None of these volcanoes is of very large 
size or great altitude, and they have ejected very small amounts of solid lava, 
the material for the most part being tuffs. The total area of the Phlegrean Fields 
has been estimated at about 130 square kilometers. 

The island of Ischia, with an area of 46.5 square kilometers, is somewhat 
pyramidal in form, rising up to the summit of Monte Epomeo (792 meters), which is 
the ruin of the original large volcano, of the crater of which traces remain at Fon- 
tana. In large part the island, and especially the main mass of the Epomeo Vol- 
cano, is built up of tuffs, but lava flows are also to be found. Flanking the Epomeo 
Volcano, especially on the east and north, are several parasitic cones, of which there 
may be mentioned Monte Campagnano on the southeast, Castello dlschia on the 
east coast, the lava flow of L'Arso (1302 a. d.), which, issuing from Le Cremate 
about half-way up the east slope of Epomeo, reaches the sea at the northeastern 
comer of the island, and Lago di Bagno, Montagnone, Monte Rotaro, and Monte 
Tabor, which lie along the north coast. The extreme northwest comer of the island 
is occupied by the mass of Marecocco and Zale, which may belong to the eruption 
of 470 B. c. 

* From an andrnt name of Mount Vesuvius. 



PETROGRAPHY. 
Introduction. 

The present section will be devoted to the purely petrographic characters, 
that is, to the descriptions of the rocks themselves, including their magmatic or 
chemical, modal or mineralogical, and textural characters. While some of the rocks 
dealt with are well known to all petrographers, or have been already described 
according to the prevailing systems, others are here discussed, at least in detail, for the 
first time. But in order to secure uniformity, all the types which have come under 
my observation will be described, irrespective of whether they have previously 
appeared in literature or not. This is essential, because the older descriptions, based 
as they are on primarily qualitative principles of classification, are inadequate for 
the description and discussion of the region according to the newer system. Fur- 
thermore, one of the objects of this paper being the iUustration of the application 
of the recently proposed quantitative system, the more rocks that are described, 
especially if of well-known types, the better will the paper serve its purpose. The 
tufifs of the region will not be discussed. 

As the specimens examined and the rock types to be described are very numer- 
ous, the descriptions will be as brief as may be consistent with their purpose. Minute 
details and certain mineral and textural peculiarities, such as the extinction angles 
of the feldspars and other minerals, schemes ofp leochroism, the details of zonal 
structure and of the arrangement and character of inclusions, etc., will either be 
omitted or only briefly alluded to. While undoubtedly of great value, such minutiae 
belong rather to the descriptions of single specimens, and considerations of space 
and time would, in any case, lead to their omission here. Direct reference to previous 
work or observations will not often be made, but further details may be looked 
for in the references given in the bibliography. 

On the other hand, the descriptions will be much more quantitative than has 
hitherto been attempted, in accordance with the fundamental principles of the 
classification and nomenclature adopted here. The necessity of this in the prem- 
ises is apparent, but the somewhat laborious and time-consuming work involved 
by this method of treatment, as well as the difficulty of applying microscopical 
measurements to rocks of such fine grain as are many of these, have limited their 
application, at least in an exact way, to those rock specimens which were analyzed 
chemically and which serve as types. The others have been classified by reference 
to and comparison with these type specimens, supplemented in some necessary 
cases by measurements under the microscope. On this account the reference of 
some of the unanalyzed rocks to certain classificatory positions, or their classifica- 
tion, is not altogether certain. It was found, however, that practice in the compari- 
son of rocks from the quantitative point of view, and the gradual assumption of a 
mental attitude of regarding them quantitatively, made the discrimination and 
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decision gradually easier, so that in the final general survey of all the specimens and 
their thin sections there were very few cases where any change in the assigned posi- 
tion seemed to be justified, and few attributions which were seriously in doubt. 

Chemical Analyses. 

As a knowledge of the chemical composition of igneous rocks is fundamental 
to their classification according to the system adopted here, espedal attention wsis 
paid to their chemical analysis. In the selection of appropriate specimens for this 
the endeavor was made to have them, as far as possible, representative of the various 
kinds of magma found in the region — those which are conunon as well as those which 
are of rare occurrence. Furthermore, it was attempted to have the analyses repre- 
sentative of as many as possible of the different magmas found in each district, so as 
to furnish a clue to the magmatic variations in each; and again to have analyses 
of some, at least, of the diverse modes and textures which each magma might assmne 
on solidification. These various aims could not all be completely attained, some 
magmas being represented by many analyses, while of others equally as abundant 
but few were made. At the same time, the analyses here presented are so niuner- 
ous, and cover such a variety of rocks of widely diverse chemical, modal, and tex- 
tural characters, that they may be deemed an adequate basis for a discussion involv- 
ing the chemistry of the rocks. 

There exist in the literature numerous analyses of the rocks of the Roman 
Region, especially those of the Vulsinian and Campanian districts. Of these older 
analyses only a few have been found, on careful consideration, to be adequate for 
modem use either as regards accuracy or completeness. A large series of analyses 
of Vulsinian rocks are not only incomplete in the determination of minor constitu- 
ents, but, as will be shown later, are so hopelessly inaccurate, especially in the figures 
for the alkalies, that they may all be rejected without hesitation. The older anal- 
yses of the Vesuvian lavas, while in part much more accurate in the determination 
of the main constituents, are faulty on the score of completeness, in the absence of 
determinations of the minor ones, as titanium and phosphorus. In these rocks, as 
is seen elsewhere, these usually negligible constituents assume a very considerable 
importance in classification, so that we can not avail ourselves here of this otherwise 
adequate and useful older work, except in a general way. 

Most of the analyses made and published several years ago by myself have 
been incorporated, as new analyses and redeterminations have shown them to be 
reliable. In some cases they have been corrected by redeterminations of some 
of the constitutents, as well as rendered more complete by the determination of minor 
constituents in which they were lacking, especially titanium and phosphorus. Un- 
less otherwise stated, this has been carried out with material remaining from the 
original analysis. But the majority of the analyses presented in this paper have 
been made by me especially for the present investigation. In making them, as well 
as in the determinations which were needed to bring the older analyses up to modem 
standards of completeness, the methods employed were those advocated by Hille- 
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brand* and myself ,t and which long experience has shown to be reliable. In many 
cases the rarer and less often looked-for constituents, as baryta and zirconia, were 
estimated, with results which are of considerable interest. In the statements of the 
analyses the molecular ratios are given in a colimm inunediately following that of 
the percentage amounts. 

Classification. 

The classification adopted here is the quantitative one recently proposed,! a 
description of which it seems unnecessary to give. Comparatively little literature 
has as yet appeared expressed in the terms of the new system, and little in the way 
of describing or establishing types according to the suggestions made, so that the 
present paper may be regarded as iUustrative of the practical application of the new 
classificatory principles and nomenclature to the actual study of rocks and the 
discussion of petrological problems. 

It is a somewhat difficult matter for the petrographer to change his conceptions 
of rocks so as to conform to the new requirements and to regard rocks primarily as 
magmas of which they are but the solidified forms, and more especially to keep 
the importance of the quantitative relations constantly in mind. This has proved 
true in my own case, and it has required considerable effort at times to keep to the 
narrow and untrodden path of a quantitative system based primarily on chemical 
composition, and to refrain from treading the broad road, easy from much use in 
the past, of qualitative systems based on mineral composition and texture. To 
what extent this effort to adapt the mental attitude to the new requirements is suc> 
cessful, it will be easier for the reader than for the writer to judge. 

Magmatic Divisions RBpresented in the Roman Region, 



Class. 


Ordei. 


Rang. 


SUBRAMO. 




/S- 


Canadarc 


i:: 


Nordmarkase 
Pulaskase 


3- 
! ^* 

3- 


Phlegrose, 
Vulsinose, 
Pulaskoee, 


I. 
I. 
I. 


5. I. 3. » 

5. 2. 2. 
5- 2- 3- 


I. Persalanc . . . . 


J6. 


Russare 


; I. 
) 2. 


Miaskase 

Viezzenase 


i 


Beemeroee, 
Procenose, 


I. 
I. 


6. I. 3. 
6. 2. 3. 




\7- 


Tasmanare . . . 


I. 


Laugenase 


3- 


^^r 


I. 


7- I- 3- 




/4- 


Austrare 


3- 


Tonalase 


3- 


II. 


4- 3-3- 


II. Dosalanc... 




Germanare — 


( 2. 
(3- 


Monzonase 

Andase 


2. 

3- 
2. 

3- 


Ciminose, 
Monzonose, 
Aurunoose, 
Shoshonose, 


II. 
II. 
II. 
II. 


5- 2. 2. 
5- 2. 3. 
5- 3- a. 
5- 3- 3- 




J 6. 


Norgare 


2. 


Essexase 


2. 


Vicosc. 


II. 


6. 2. 2. 




(7 


Italare 


2. 


Vulturase 


2. 


Bracdanose, 


II. 


7. 2. 2. 




\8. 


Campanare . . . 


2. 


Vesuvase 


2. 


Vcsuvose, 


II. 


8. 2. 2. 


III. Salfemane... 


is. 


Kamenmare . . 


!•: 


Kameninase . . 
Etindase 


2. 
2. 


Jugqse, 
Fiasconose, 


III. 
III. 


7. 2. 2. 
7- 3- 2- 




Bohemare 


2. 


Albanase 


2. 


Albanose, 


III. 


8. 2. 2. 



* W. F. HiUebrand, Sotiu PrincipUs and Methods of Rock Analysis^ BuIL U. S. GeoL Surv. No. 176, 1900 

t H. S. Waihingtoa, Manual 0/ the Chemical Analysis of Racks, New York (1904). 

X CroM. Iddings, Pinaon, and Washington, QuaniitaHve Classificaiion a/ Igneous Rocks (Chicaio, 1903). 
Cf. Journal 0/ Geology, X (1903), pp. SSS-^^V^' 

i For the explanation of theae symbola to indicate the magmatic poaitioo, ace H. S. Waahington, Prof. Paper 
U. S. Geol. Surv. No. aS, X904t P- 13- 
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In the terms of the quantitative classification the preceding magmatic divi- 
sions, as far as subrang, are represented in the Roman Region. They include 3 
classes, 10 orders, 14 rangs, and 17 subrangs. There are probably a few more 
which are not discussed in this paper, but the amounts of these are probably small, 
and those given here undoubtedly embrace the great majority of the most impor- 
tant and most abundant of the Roman magmas. 

Descriptions and Names of Rocks. 

The rocks will be described under the heads of the various types to which they 
belong, a type being imderstood to mean a standard rock with a certain assemblage 
of characters, accurately and quantitatively described as regards the chemical com- 
position, norm, mode, texture, and the textural disposition of the constituent min- 
erals. Rocks will be considered to belong to the same type when they are quite 
or almost identical in these respects, so much so that they may be mistaken for one 
another, or might be parts of the same mass, as suggested in the publication of 
the Quantitative System (p. 179). As a practical matter the identity can not be 
absolute in all cases, and a certain amount of latitude, or very slight divergence 
from the type, must be allowed. Otherwise the number of types will be almost as 
great as the number of the occurrences or of the hand specimens collected. This 
latitude is only reasonable, and that it is allowable is shown by the practice in 
botany, where, for instance, individual plants are referred to the same species, 
although there are slight differences in minor and unimportant points, such as the 
lengths of the leaves, the heights in different habitats, etc. 

The name of a rock, then, according to the quantitative system, and as applied 
throughout this paper, will be considered to be the type name — that is, the name 
of the subrang qualified by a typal adjective or one indicating the type to which 
the rock belongs. This typal adjective is formed according to the published sug- 
gestion by the use of a root derived from a geographical locality and the termina- 
tion al. Such a name expresses as concisely as possible, and without ambiguity, 
or at least with only very narrow limits of variation, all the inherent characters of 
a rock, the subrang name indicating its chemical character and systematic position 
in the classification, and the type adjective its color, modal and textural charac- 
ters, the textural disposition of the minerals, etc. 

For the purpose of correlation with the prevailing systems, and for the benefit 
of those who are unacquainted or unfamiliar with the quantitative system, the names 
by which the rocks would be called in the prevalent nomenclature are also used 
throughout the paper, in brackets [ ], while the symbols of the subrang will be placed 
in parentheses ( ) when it is deemed advisable to add them to the quantitative 
rock name. But it must be remembered that these symbols do not form any part 
of the name, and are used only to indicate the magmatic position on account of the 
imfamiliarity of the new terms. 

In assigning the names of the prevailing nomenclature, the usage of Zirkel in 
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regard to leudte-trachyte and leudte-phonolite has been followed rather than that 
of Rosenbusch, for reasons discussed elsewhere. The term ''leudte-trachyte," 
therefore, as used in this paper, implies a rock composed essentially of leudte and 
orthodase, while a "leudte-phonolite" is one composed of the same two minerab 
with nephelite in addition, in both cases the presence of subordinate amounts of 
alferric and other minerab bdng allowed. It has sometimes been difficult to dedde 
between two names, as, for instance, between "leudte-trachyte" and "leudte- 
tephrite," or "leudte-tephrite" and "leudtite," as both labradorite and ortho- 
dase may be present in the former case, or a little labradorite alone in the latter, in 
both cases with much leudte. In aU such cases the name finally selected was based, 
as far as possible, on the quantitative estimation of the mode, modified in some 
instances by the greater prominence of one or the other mineral. 

A Ust b appended of the various rock types which have been observed and 
described in the region, with their corresponding names according to the prevailing 
systems, so that comparison between the two may be rendered more easy. In the 
prevailing names I have followed the trend of some modem authors in further quali- 
fying the broader and more conunon names by the use of type names. This would 
seem to be reasonable, as it b certainly advisable to be able to discriminate, even in 
the customary nomenclature, between, for instance, three such different ''leudte- 
tephrites" as those of the Viterbo type, with its large and numerous leudte pheno- 
crysts, that of the Orvieto type, without any phenocrysts, and that of the Tavolato 
type, with large leudte phenocrysts, abundant haiiyne, little feldspar, and very 
different chemical composition. 

In two or three instances new names have been proposed for use in the pre- 
vailing system of nomendature. Thb has been done with caution, and only in those 
cases where they seemed to be espedally necessary or useful, on account of the pecu- 
liar chemical, mineralogical, or textural character of the type, as with the abundant 
and highly characterbtic leudte-trachytes and leudte-tephrites with the viterboid 
habit marked by the numerous large leudte phenocrysts, or the peculiar leudte- 
tephrite of Tavolato, with its abundant large hatlynes and peculiar chemical com- 
position, which has little in common with the leudte-tephrites as usually understood. 
In one instance an old and forgotten rock name has been revived — that of cedlite 
(Cordicr), for the highly melilitic leudtites. 

It b seen that many of the prevailing rock names cover wide variations in tex- 
ture and magmatic characters — a point which will be more fully appredated by 
referring to the descriptions which follow. And it is also evident that some of the 
subrang names are applied to rocks which differ much in their modes and textures, 
a consequence of the fact that the quantitative system is based primarily on the 
chemical composition of the rock, and that the modal and textural characters are 
regarded as of less importance, they being expressed by the type name. A study of 
the table from this point of view is very instructive, and the relation between the two 
systems should be borne in mind when reading the descriptions of the various types. 
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Rock Types Occurring in the Roman Region, 



Symbol. 


Name in Quamtitativx System. 




I. 5. 1-4-3 • 




Ischial nordmarkose-phlegiose.. . 
OuTnal nhlftflrroftft 


Augite-trachyte<Ischia type). 
Phonolitic tiachyte (Cuma type). 
Trachyte obsidian (Rotaro type). 
Vulsinite (Arso type). 
Vulsinite (Bobena type). 
Leudte-trachyte (Viterbo type). 
Leudte-trachyte (Pallanzana type), 
Vulsinite (Bolsena type). 
Leudte-trachyte (Paglia type). 
Leucite-phonolite (Sabatino type). 
Leucite-tephrite (Tavolato type). 
Biotite-latite (Soriano type). 
Vulsinite (Arso type). 
Ciminite (Fiescoli type). 
Leucite-trachyte (Viterbo type). 
Leudte-trachyte (Bagnoreal type). 
Leudte-tcphrite (San Martino type). 
Vulsinite (Arso type). 
Vulsinite (Bolsena type). 
Leudte-tephrite (Viterbo type). 
Leudte-trachyte (Teano type). 
Leudtc-tephritc (Orvieto type). 
Biotite-laUte (Monfina type). 
Leudte-tephrite (Viterbo type). 
Leudte-tephrite (Bagnorea type). 
Leudte-tephrite (Orvieto type). 
Leucite-tephrite (Vesuvius type). 
Leudte-tephrite (Somma type). 
Leudtite (Galera type). 
Leudtite (Hemici type). 
Leudte-tephrite (Atrio t3rpe). 
Leudte-tcphrite (Scala t}'pe). 
Leudtite (Rome type). 
Leudtite (Galera type). 
Leudte-basanite (Fiordine type). 
Leudtite (Rome type). 
Leudtite (Sacco type). 
Leudtite (Bove type), cecilite. 


I. 5- I- 3... 


Rotaral Dhleirrose 




Arofll viilftinns^ 




Rolsf'tiAl vulsinoiM^ ....t t- 


I. 5. 2. 2.. . 


Viterbal vulsinose 






1.5.2.2-3. 
1.6-5.2.3. 

I. 6. I. 3 . . . 

II-I.1.7.X-3. 

II. 43- 3- • 
I-II. 5. 2. 2. .. 


Paglial procenose-pulaskose 


Sorianal harzose 

Arsal vulsinose-dminose 

Fiescolal ciminose ^ » - - t , t . . , - , - 


II.5. 2. 2... 


Vitirhal cimino.se t ^ 


Baimoreal ciminose 


II.6-5. 2. 2. 


Martinal vicose-dminose 

Arsal monzonose 


II: 5. 2. 3. . . 


Bolnenal monzonosc. 


II. 5. 2-3. 2. 

II. 53- 2. • 
n.5.3.3... 


Fogh'anal dminose-aunmcose . . . 

T^nal ciminose-aunmcose 

Orvietal auruncose 




Foglianal vicose. 


II. 6. 2. 2. . . 


Bagnoreal vicose 




Orvietal vicose 




Vesbal bracdanose 






II. 7. 2. 2. . . 


Galeral bracdanose. 


Hemical bracdanose 




Atrial bracdanose 


II. 8-7. 2. 2. 
II. 8. 2. 2... 


Scalal vesuvose-bracdanose 

Romal vesuvose ............... 


III. 8-7. 2. 2. 
III. 7. 3. 2... 


1' 


Galeral albanose-jugose 

Fiordinal fiasconose. . 

Ro»naI alhanose 


III. 8. 2. 2... 


Saccal albanose 




Boval albanose ^ ..... 







In the descriptions of the types the order in which they will be taken up is that 
of their magmatic position, by class, order, rang, and subrang. The divisions 
below subrang — that is, grads and subgrads — ^will not be regarded or discussed, as 
it is thought that there are sufficient new terms used in this paper without adding 
to them the many complications and more numerous names which the introduction 
of these minor divisions would involve. It was also thought desirable to determine 
by actual practice whether the refinement in classification implied by the use of 
grads and subgrads in the dosalanes and salfemanes is strictly necessary, or whether 
the general needs of petrographic description and discussion can not be met without 
their use. In a perfect system, carried out to the last details, they are imdoubtedly 
logical and necessary, but for practical purposes at present it would seem advisable 
not to discard them, but to avoid the complications that they introduce, and to 
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reserve them for the more detailed and special investigations. From examination 
of the subsequent pages, and when it is considered that the rocks of any one region 
have certain chemical characters in common, it is fairly clear that grads and subgrads 
can be dispensed with in great part for general purposes, and that the use of type 
adjectives will replace them advantageously to a large extent. 

In each subrang the general order will be that those types whose modes are 
most normative will be first described, followed by those which are abnormative, 
in each case the most coarsely granular, or those with the largest and most abundant 
phenocrysts, preceding the less porphyritic or aphyric ones. The hyaline types 
will be the last to be described. 

In a number of cases the rock habits will be named — that is, those more gen- 
eral features of mode and texture or both in which rocks may resemble each other 
without belonging to the same type. The habits named, however, are only a few, 
and are those which seem to be most conunon to, or characteristic of, the rocks of 
the region. 

In the statement of the norm one modification from the original has been 
introduced, the result of a joint discussion of the subject on the part of all the authors 
of the quantitative system. This has to do with the normative minerab sodalite 
and noselite. Without going into details here, it was thought advisable to modify 
these to the extent of splitting them up and stating in the norm the amounts of 
halite (NaCl) with the symbol HI, and of thenardite (NaaSOJ with the symbol 
Th, instead of sodalite and noselite. The soda which was previously combined 
with the sodium chloride and sulphate remains with the rest in calculating the norm, 
and, if necessary, is distributed between albite and nephelite in the usual way. 
In some cases a change in the position of the rock as regards the order is thus 
brought about, but this will happen only when the amounts of chlorine or sulphuric 
anhydride are large; and, as a matter of fact, it was found that in the present series 
the systematic position of the rock was not altered, nor the relative amounts of 
feldspar and lenad changed in the slightest, in any of the few cases in which the 
sodalite minerals are present. An advantage of this method of procedure is that it 
minimizes the influence of the small amounts of CI and SOj usually found, which 
is very great if they bind up in the norm a much greater amount of soda and silica. 
This matter will be discussed in a forthcoming joint paper, along with other modi- 
fications of and additions to the system. 

The Formal Descriptions. 

Following the descriptions of the different types, which are couched in the usual 
petrographical terms, except such as belong to the phraseology of the quantitative 
system, are what may be called formal descriptions of the types. These aim to give 
a concise but complete description ol the type, both qualitative and quantitative, 
which may be regarded as standard, and from which one may judge whether 
another rock belongs to the same type or not, certain narrow departures being 
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regaxded as allowable. They are based on the descriptions of botany and zoology, 
and follow the plan of these in general, muUUis mutandis. 

These have, both in form and in language, been adopted after consultation with 
my colleagues in the quantitative system, though they may be regarded as possibly' 
not definitive or final, but as an attempt at a more precise and concise statement of 
the characters of igneous rocks such as is demanded by the new system of classifi- 
cation for the establishing of types. Many of the terms used in these formal 
descriptions are some which have recentiy been adopted by ourselves, and which will 
be published by us elsewhere in a paper setting forth some additions to the quantita- 
tive system of classification. Most of these will be self-explanatory. 

The general plan on which these formal descriptions are arranged is as follows: 
The megascopic characters, or those determinable in the field, will be given first; 
the more general, or those which are discernible at a greater distance from the eye, 
being stated before the more particular. If phenocrysts are present, they will be 
named and briefly described megascopically in the order of their abundance. The 
statement of the specific gravity of the analyzed specimen belongs in this part of the 
description. 

Next follows the description of the characters discernible only in the thin sec- 
tion — the microscopic characters. Here also the more general features of texture, 
as being the more readily discernible, come first, in the order of characters pertain- 
ing to crystallinity, granularity, and fabric Then follows a succinct statement of 
the mode, the minerab present being given in the order of abundance, and, if the 
rock is porphyritic, the phenocrystic minerals preceding those which belong to the 
groundmass. After this come the descriptions of the several minerals, given in the 
order of their statement in the norm, though the alferric minerals, which do not 
belong to the norm, are given in the order, augite, hornblende, biotite, garnet, and 
precede the femic minerals. The characters of the several minerals are stated in 
the order of their importance, their relative amount in the rock (by weight, not by 
volume), their size, crystal development, shape, twinning phenomena, color, inclu- 
sions, and arrangement. A detailed statement of the optical and other characters, 
as extinction angles, pleochroism, zonal variation, etc., will not be attempted, nor 
are data given as to the order of formation, though these last may well be considered 
to have a place in the formal description. 

It is, of course, understood that the figures expressing relative amounts and 
sizes, which have been arrived at by study under the microscope, are averages merely, 
and that other rocks may depart from one or more of them within reasonable 
limits and still be considered as belonging to the same type. 

These formal descriptions are pen pictures of the rocks — skeletons which the 
imagination of the reader must clothe with reality, but which furnish in concrete 
form the absolute and relative characters with which other investigators may com- 
pare other rocks in the futiure. They are intended primarily for reference, sup- 
plementing and stating the facts of the ordinary descriptions. 
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TMASsmosAL Types. 

In di€ list of types given above, as well as in the descriptions which follow, there 
win be noticed a considerable number of t3rpes which Call almost on the borders 
b e tw e en two or more magmatic divisions, or are ''transitionaL" Their occurrence 
b of inqxjrtance as iDustrating a feature of the quantitative classification which, as 
has been said dsewliere,* is not peculiar to it, but is inherent in the character of 
igneous lod^s, so that no '^natural" division lines exist, and those which are selected 
must be arbitrary, in the nature of the case. .\s has been said, such transitional 
types are just as important as those which fall at the centers of the \-arious divi- 
sions—a bud dearly brought out in the present region, where transitional types are 
jfxj numerous, and to which belong some of the most abundant and characteristic 
iod:s. 

To emphasize this fact of the equality in importance of "central" and "tran- 
sitkHyd" types the last have in nearly e\'ery case been described separately, even 
though this involved an increase in the number of types. 

In this connection the question naturally arises: How close to the bonier of a 
given division must a magma fall to be considered transitional ? The answer to 
dds is ddiaiaUe, and one which has been under consideration by the p ropo s ers of 
the quantitative system for some time, l^liile no definite conduaon has been 
readied as yet, it would seem that the dedaon must rest largdy upon the petrog- 
rmphcr Umsdf in any given case. The need for arbitrary boundaries is not fdt 
here as in the establishment of the definite magmarir divisions, and, furthcnnofc^ 
it b evklem that, were the attcn^it made to establish rigid borders within or outside 
off which rocks should be said to be or not to be transitional, the difficulty would 
only be shifted, not rfminafpyi entirdy. Thus it might easfly happen that the 
canying out of the molecular ratios to four instead of three dedmal places, or the 
detemiiuation and intioduction into the calculation of such minor constituents as 
ziroooia, baryta, or strontia, could change the type from a transitional to a non- 
transitioDal one, or vice versa. 

The treatment adopted here is rather a tenUtive dian a final one, and in places 
may not be wholly consistent. As a general rule, a type or a magma has been con- 
sidered transitional when the ratio in que^ion differ: from that of the border fine by 
±005 or i:aia Thus where the border ratM> is 7: r, the magma is regarded as 
tnmsitional if die raiao ialb between 6.9c ani 7.10. If the ratio f4 the border u 
5:3""r.666'^, the mazma is regarded as traiuity>nal if it falb between i^ and 
1.70, a diffeRoce here of o^y abr/ot ^ojoc, as the border ratio u leso than in die 
oAer case. But these are odj in *ht nature of gt&eral and tentative ^uggestiocii, 
and thb seems to be o&e of the itAtura of the quar/titative das%ificaty» wfaidi it 
were best to leare yjocwfcat irviefinite. jart a* are the limits fA iderjtity r^ smi- 
iaiity in mode a»i itxrsrt whidi may ddke a type. soA which are briefiy ^v- 
cussed on anodier pase. 

•OvM. Umnm nrwb mmt Vaanpea. tf. m. y^ :it. 'J^ t\i Uktam- t^d. f^pee V. S. Gctt. Vin, 
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Determination of Minor Constituents. 

The remarks above lead to the consideration of another matter of some 
importance which is clearly brought out in the following pages, namely, the impor- 
tance in the quantitative system of determining the chemical constituents which 
are usually regarded as minor, or at least some of them. It will be observed in a 
number of cases that the classificatory position of a rock is changed by the deter- 
mination of and introduction into the calciilation of some constituent, as TiOa or 
PaOj, which is present only in very small amount, sometimes less than one-half of 
I per cent. Thus the arsal vulsinose-dminose [vulsinite] of Vetralla was formerly 
placed in vulsinose, but the recent determination of 0.61 TiO, and 0.17 PaOj shows 
that it is properly in dminose; similarly, the determination of 0.77 TaO^ has shifted 
the **leudte-tephrite" of La Scala from vesuvose into bracdanose. Such cases are 
to be expected, and while they may be considered by some to be a practical defect 
in the quantitative system in demanding what may seem to be ultra-refinements in 
the chemical analysis, they can not justly be regarded in this light This has been 
briefly discussed elsewhere,* and it was pointed out that it is ''not an objection, but 
really a very strong point in favor of the new system. For it postulates as funda- 
mental to the classification the absolute necessity for only the best class of analyti- 
cal work." And it may be said in addition, though it can not be held as an excuse 
for, or as justifying, incomplete analyses, that changes thus brought about by the 
determination of these minor constituents will usually happen only when the rock 
is transitional as to magmatic position. 

In the present case, however, some of the rocks involved are of such a char- 
acter that the determination of small amoimts of TiOa, PaOj, etc., or slight inac- 
curades in the determination of the main constituents, as silica or the alkalis, will 
bring about very serious changes in the magmatic position. These rocks are those 
which belong to the more lenic orders of dosalane, bracdanose and vesuvose, and 
to the salfemanes. In the present region these rocks are leudtic without exception; 
that is, are dopotassic and with a defidency of silica. On account of the silica 
relations of orthodase and leudte with 64.75 ^^^ SS-^S P^ ^^^^ of silica respectivdy, 
a very slight difference in the amount of silica or the alkalis, or in other compo- 
nents, may bring about very dedded changes in the norm, owing to the readjust- 
ments of potash between the polysilicate orthodase, KAlSijOg, and the metasili- 
cate molecule, KAISiaOa* 

In other words, the limits of the dopotassic subrangs of these lenic orders are 
very narrow. This is very dearly shown by Iddingsf in his diagram of the limits 
of orders and rangs for theoretically pure potash-salic rocks. In this the uniformly 
smaller area of the potassic subrangs, as compared with the purdy sodic ones, and 
espedally the extremely small dimensions attained by the potassic divisions as the 
silica decreases and the amount of the lenad leudte rises, are very dearly brought 

* Wafhingun, Prof. Paper U. S. GeoL Suit. No. 14* 1903* P* 44< 

t Iddino, Prof. Paper U. S. GeoL Sunr. No. x8, 1903* P* 7a and Plate IL 
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out, and will repay some study. This matter will be discussed later in connection 
with the formation of leucite. 

I. 5. 1. 4-3. Ischial Nordmarkose-Phlesrrose [Auglte-Trachyte, Ischla Type] . 

Megascopic characters, — Rocks of this type are light gray, rough in feel, and 
highly porphyritic. The most abundant phenocrysts are of feldspar, which con- 
stitute about 30 per cent of the rock. These are tabular or stout prismatic, from 
10 to 20 nun. long, colorless, and with a highly Wtreous luster. From the absence 
of twinning striations they would be considered to be orthodase. Small prismatic 
phenocrysts of black augite and grains of magnetite are very rare, not making up 
more than i or 2 per cent of the rock. The groundmass is very light gray and 
phanerocrystalline, but very fine-grained. It is ob\iously composed almost exclu- 
sively of salic minerals, presumably feldspars. 

Microscopic characters, — The thin sections show the following minerals: Alkali 
feldspar very abundant, with less augite and magnetite, and accessory lavenite and 
sodalite. The texture is typically holocrystalline, and with a characteristic trachy- 
tic fabric. 

The feldspar phenocrysts are of soda-orthoclase in thick subhedral tables, tab- 
ular parallel to b (010), or occasionally stoutly prismatic parallel to the a axis. They 
are not uncommonly fragmentary, having been broken during the flow. Although 
their sodic character is certain from chemical analysis, the microscopic appearances 
so characteristic of soda-orthoclase are usually absent. They show, for the most 
part, a clear, even gray between crossed nicob, without the lamellae of microcline, 
microperthitic intergrowths of orthoclase and albite, or the common moir^ appear- 
ance. The rare augite phenocrysts are subhedral, in stout prismoids, and of a very 
pale-gray color, or with only an extremely faint tinge of green. Inclusions are very 
rare both in these and in the feldspar phenocrysts. 

The groundmass has the typical trachytic fabric, and usually with marked evi- 
dences of flow. It is composed in very great part of small prismoids of alkali feld- 
spar, elongated parallel to the axis a. Small prismoids of colorless augite and 
grains of magnetite are present, but only in negligible amounts. In some specimens 
lavenite occurs as a rare accessory, in small, yellow, pleochroic prismoids, often 
arranged in divergent clusters; but this mineral can not be regarded as character- 
istic of the type. The same is true of sodalite, which is sometimes present in very 
small amount in the groundmass as colorless, rounded anhedra, as well as in crevices 
of the rock. No glass could be detected in most of the specimens, though it may be 
present to a very slight extent. 

Chemical composition, — ^An analysis of this type was published some years ago, 
and is here repeated in more complete form. An older analysis by Fuchs is also 
given for comparison. 

The analysis is noteworthy because it shows that a typical "trachyte," which 
is regarded as composed essentially of orthoclase, may carry as much soda as potash 
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in percentages, and that mofeculariy the fonner may surpass the latter. The exact 
dassificatory positi<m of this type is dear from the ratios. As r^azds dass, (mkr, 
and rang, it faUs well within the benders of persalane, canadaie, and ncHdmarkase; 
but the ratio of the alkalis shows that the rock is transitional between the sodipo- 
tassic subrang phlegrose, in which it actually falls, and the dosodic subrang nord- 
mariuise. This type must therefore be called a nordmariLose-phlegrose. 
Chemucal CcmposUian 0/ Ischial X&rdmarkose-pUegnfse [Augite-irackyle]. 

L - n. L n. 



SiO, 61.88 1. 031 . 61.49 1»0, 0.69 0.009 

Al,Oj 18.06 .178 20.02 ZrO, 0.08 

FcjOj 2.19 .014 3. II PsOj 0.07 .001 0.02 

FeO 1.38 .019 2.72 SOj 0.05 

Mg;0 0.61 .015 0.52 CI, 0.30 .004 

CaO LIS .021 1.88 MnO n.d. 

Na,0 6.89 .III 3.39 BaO 0.08 o.oi 

K,0 6.72 .071 7.13 

H.O+ ) . 100.52 100.75 

H.O- J ®-37 0.46 Q^^ 0.07 



CO.. 



100.45 



L Isdnal pUegrose (aogite-tndiYte). limreoocco, ladiU. Wmshington, analTSt. Am. 

Jmm. Sd^ \Tn, 1899, p. 289. 
n. Isdnal pUegrose (aagHe-trachjte). Maiccocco, Isdiia. Fochs, analyst. Tsch, Mim. 
Mitik^ 1872, p. 229. 

Nmm 0/ /. Raiios of I. 

"- "itl"-!.. ^ -^ S 



Nc s.ii> A^^ "9 

HI* 0.47) ^'^^ F 

?! S^l ,*.. ^^'^ L "'5-^ 



Wo 0.46^ 3.70^ 

Mt .30 

H i-37h 4-33 

Hm 0.64) 

Ap 0.17 0.17 



8.20 lUng. 



K.O'^-Na,0' 
CaO' 

K.O* 



99.89 ^^"^ xi:o' -^-^ 

. 0.58 



100.47 
iCNM3>;d:pLis. 

ie of the constituents in the analysis of Fudis (11) dosdy 

That his determinations €i the alkalis are not correct is indicated 

qI the norm of his analysis, whidi pro^xs that these are not 

i; in mMrUnt amount to satisfy the silica and alumina* 

iia.— Hie mode of the spedmen analynd was determined by RosiwaFs 

LaadiigivaiintbetaUebdow. It must be observed, howe\-er, that no sodaKte 

(delecledindiethinsectifmsof therockanalyied,and a test on the section 

ff9 mediod witih dilnte nitric add and silver nitrate solution gax-e a n^a- 

&ii poaaibk diat it was present in crevices of the [nece anal\Ted, or 

t as a ijbasy in which form it would be very difficult to detect 
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among the fine feldspar laths of the groundmass. As the figure for chlorine is con- 
cordant with that shown in other analyses of closely related rocks from the same 
district, it is justifiable to assume that the amount is correct. Furthermore, a 
study of the norm shows that a lenad must be present in the mode, since there is not 
enough silica to form albite with all the soda. The amount of nephelite shown in 
the norm is just enough to form sodalite with the normative halite (3.S8 per cent), 
leaving only 1.70 of nephelite free. Consequently, in the calculated mode given 
in the first column, obtained by readjustment from the norm, the sodalite is stated 
to be present as such, while in the measured mode it is bracketed with the ortho- 
dase. In any case the amount of this mineral, as well as of lavenite, is quite 
negligible; so the mode is a normative one, and the rock may be described as 
normative trachiphyro-phlegrose. 





CALCm-ATED. 


Measuud. 


Soda-orthoclase, Or- Abg 


4.4 
100. 


Vol.% Sp.gr. 

94. z6 X 2.6 - 244.82 

2-25 X 3 3 - 7-43 
0.68 X 35 - 2.4s 
2.91 X 5-2 - ZS.13 

zoo. 00 269.83 


Wt.% 


Sodalite .'...f...'. 


90.73 


Auirite 


2.7s 
0.91 
5.61 

zoo. 00 


Lavenite 


Maimfrtite 





Occurrence. — ^Ischial phlegrose is especially abimdant on the island of Ischia, 
where it was found, among other localities, at Marecocco and Zale, probably the 
site of the eruption of about 470 b. c.;* at Monte Rotaro, probably due to an erup- 
tion between 400 and 352 B. c; at Carbone and near Scanella. The flow at Monte 
Olibano in the Phlegrean Fields may also be referred to this type, though somewhat 
transitional toward the cumal type, to be described presently. Outside of the 
Campanian District rocks of this type were met with by me only at the Molino di 
Casa Fredda, in the Auruncan District 

Name. — ^The name of the subrang is, of course, derived from the Phlegrean 
Fields, where this magma is predominant, and where specially well-known types 
of it occur. The type adjective is derived from the island of Ischia, on which the 
type is abimdant. 

In the prevailing systems of classification this rock is regarded as a typical 
augite-trachyte, of the Ponza typus of Rosenbusch, though with affinities toward 
his phonolitic trachyte, through the presence of sodalite and lavenite. 

ISCHIAL NORDMARKOSB-PHLBQROSB. I. 5. 1. 4-3. 

Megascopic characters. — ^Veiy light gray, compact, highly porphyritic. Feldspar pheno- 
crysts abundant, zo to 20 mm. long, tabular or stout prismatic, clear and colorless. Augite 
and magnetite phenocrysts very few, 0.5 to i mm. long; augite stout prismatic, magnetite equant. 
Groundmass: very light gray, fine grained, phanerocrystalline. 

Microscopic characters. — ^Holocrystalline, mcgaporphjrritic, dopatic, magnoph3rric. Phen- 
ocrysts: about 33 per cent, soda-orthoclase, augite, magnetite. Groundmass: about 67 per 

• C. W. C Fuchs, x8, p. 237. 
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cent, trachytic fabric, soda-orthoclase, augite, lavenite, sodalite, magnetite. A very little glass 
base may be present 

Soda-arihodase. — ^Phenocrysts: about 30 per cent, 10 to 20 mm., euhedral to subhedral, 
often fragmentary, mostly tabular parallel to h (010) or stout prismatic parallel to axis a, 
microperthite and microcline structures generally wanting, Carlsbad twinning common, 
inclusions rare. Groundmass: about 60 per cent, 0.05 to 0.20 mm., subhedral, prismatic 
parallel to axis a, arrangement parallel or subparallel. 

A ugite. — Phenocrysts : about i per cent, o . 2 to i . o mm., subhedral to anhedral, prismoidal, 
very pale gray or slightly yellowish green, non-pleochroic, no inclusions. Groimdmass: about 
2 per cent, 0.05 to o. 20 mm., anhedral, prismatic, colorless or very pale gray. 

Magnetite. — Phenocrysts: about i per cent, 0.2 to 0.4 mm., anhedral, equant. Ground- 
mass: about 2 per cent, o.oi to 0.05 mm., subhedral, equant. 

SodalUe. — ^A small amount, about 3 per cent, may be present, either as equant anhedra 
in the groundmass or in crevices of the rock, but is not essential to the type. 

Lavenite. — Groimdmass: about i per cent, o. i to 0.2 mm., subhedral prismatic or anhe- 
dral equant, pale to deep yellow, nonpleochroic, not essential to type. 

Chemical composition as in analysis I, p. 20. 

Type specimen from Marecocco, Ischia. 

I. 5. 1. 3. Cumal Phlegrose [Phonolltic Trachyte, Cuma Type]. 

Megascopic characters. — ^This type is closely similar to that just described, as 
far as the mode is concerned, but dififers texturally in the much smaller number and 
size of the phenocrysts. The rocks are very light gray, in some cases slightly 
greenish, and with a somewhat greasy Ixister. There may be schlieric patches of 
darker material, which does not differ essentially from the lighter, except in color, 
but these are not regarded as characteristic of the type. 

The phenocrysts constitute only about 10 per cent of the mass. The majority 
of them are of alkali-feldspar, in small, subhedral stout prisms or thick tables. 
Very small phenocrysts of sodalite are also seen, but in much less amount than those 
of feldspar, and crystals of this mineral may be found in crevices. Their color is 
sometimes blue, but they are more often colorless. Still less abundant are the 
small prismatic phenocrysts of augite. 

In some specimens, as those of this type from the tuffs of the Vico Volcano, 
there are present rare, roimded white phenocrysts of leudte, about 5 nun. in diam- 
eter. Their number is very few, not over two or three being visible in a good- 
sized hand specimen. The light-gray groundmass is aphanitic, sometimes with a 
dull, sometimes with a slightly greasy, luster. 

Microscopic characters. — ^In thin section these rocks are typically holocrystal- 
line, though very small amoimts of glass may be present. The fabric is a trachytic 
one, though in this type most of the specimens do not show such a well-marked 
fluidal arrangement of the feldspar laths as in the preceding one. The rare pheno- 
crysts of soda-orthoclase offer nothing spedaUy noteworthy, resembling those of the 
ischial type, except in their smaller size. The phenocrysts of augite are either 
euhedral or subhedral, are decidedly olive-green in color, markedly pleochroic, and 
with the axis of greatest elasticity a at an angle of 30^ with the vertical axis. They 
are therefore of segirite-augite. The sodalites are either colorless, when they are 
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distinguishable only with difficulty, as at the Phlegrean Fields, or blue, with the 
characteristic dusty inclusions arranged in lines, as in the blocks from Monte Vico. 

The groundmass is composed in very large part of a soda-orthoclase in very 
small prismoids, usually with a subparallel arrangement. There are also a few 
minute anhedra of very pale greenish or grayish augite, occasionally small anhedra 
of sodalite, and usually a little nephelite interstitial between the feldspar laths, and 
often difficult to detect. Magnetite is usually present in very small amount, but 
not invariably, while lavenite is sometimes found. In some specimens there are 
small euhedral individuals of titanite, but this is a purely accessory constituent. 
Glass may be present in some cases, but its amount is always small, and it is difficult 
to detect on account of the character of the groundmass. 

Chemical composition, — Analyses of three occurrences of cumal phlegrose 
were published several years ago, and are given below with the addition of deter- 
minations of some of the minor constituents. Those from the Phlegrean Fields 
(Monte di Cuma and Monte Nuovo) scarcely differ from each other, but the third, 
from Monte Vico, shows a very considerably greater amount of potash relatively 
to the soda, though the ratios of the alkalis in all three are so near unity as to 
cause all to fall in the same sodipotassic subrang. It is also seen that in the Monte 
Vico rock sulphur trioxide partially replaces the chlorine of the other two, though 
the amounts are so small in all cases as to be negligible for purposes of classifica- 
tion. The analysis by vom Rath (IV) is very probably of the same tjrpe as III, but 
it is almost certain that through some error the alkalis have been interchanged. 

Chemical Composition of Cumal Phlegrose [PhonolUic Trachyte.] 





I. 


n. 


m. 


IV. 


SiO;. 


59.79 0.997 
19.05 .187 
2.95 -019 
1.08 .015 
0.36 .009 
I. 19 .021 
6.79 .110 
7.10 .076 
0.24 
none 
0.56 .007 

o.io .001 
none 

0.53 .014 
n.d. 


60.33 1.006 
18.27 .179 
2.84 .018 
1.29 .'^iS 
0.38 .010 
1. 15 .021 

715 ."S 
7.30 .078 
0.56 

none 

0.43 .005 

0.04 

none 

0.43 .012 

n.d. 


59.24 0.987 
18.63 .183 
3.30 .021 
1.20 .017 
0.12 .003 
2.06 .037 
4.87 .079 
9.14 .097 
0.86 
none 

0.56 .007 
O.IO .001 
0.15 .001 
0.17 .002 
0.08 .002 
n.d. 
0.06 


60.18 


AlaOj 


18.70 


Fe.O, 


FeO 


3-44 
0.32 
2.80 


MkO 


CaO 


Na,0 


9.67 
4.18 

1 0-33 


KaO 


HaO+ 


COa 


•KOa 


ZrOa 




PaO. 




so, 


0.19 
0.14 


CI 


MnO 


BaO 








O-Cl 


99.74 
0. 12 


100.17 
o.io 


100.54 
0.02 


99-95 








99.62 


100 07 


100.52 




Sp. er 






2.509 
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Nom ExPLADnMO Hxadxmos ov Puczdoio Table. 

I. Cumal nordmarkose-phlegrose [phonolitic trach3rte]. Monte di Cuma, Phlegrean Fields. 

Washington, analyst Cf. Am. Jour. Set., VIII, 1899, 287. 
II. Cumal nordmarkose-phlegrose [phonolitic trachyte]. Monte Nuovo, Phlegrean Fields. 

Washington, analyst Cf. Am. Jour Sci., VUI, 1899, 287. 
III. Cumal phlegrose [phonolitic trachyte]. Block in tuff. Via Aurelia, 4 km. SW. of Viterbo, 

Ciminian District. WasMngton, analyst Cf. Jour. Geol., IV, 1896, 849. 
rV. Cumal phlegrose [phonolitic trach3rte]. Monte Cimino, near Viterbo. vom Rath, analyst 
ZeUs. d. d. geol. Ges., XVIII, 1866, p. 581, alkalis interchanged ? 



Norms. 




83.78 



8.77) 



3.40 



4.68 



92.5s 



7.08 



99-97 



43-37. 
35-37 
0.00^ 

9-51 
0.70 

0.00 ; 
2.91 ' 
0.00 I 
3-70; 
2.32 
0.76 
0.00 ] 
0.00 

99-57 
0.60 

100.17 



n. 

78.74\ 



7. 54 



3.08 



88.95 



10.62 



Ratios. 



Class.. 
Order. 
Rang . 



I. 
-13.07 



Sal 
Fern 
F 
L " 9.55 

K,0'+Na,0' 



CaO' 



Subrang . 
•For HI and Th see p. 15. 



K,0^ 
NaaO' 



—23.25 

— 0.69 



n. 

8.38 
771 

00 
0-73 



53-93 i 
26.78 
2.78 J 
6.96 
0.12 
0.28] 
0'6s , 
2-44 
0.00 ] 

2-32( 
1.06 
1.76 > 
034 

99.62 
1.02 

100.64 



III. 
10.62 

"•37 

17-30 

1-23 



m. 



83-491 



7-36' 



3-09 



S-M 



91 05 



8-57 



From these norms and ratios it is seen that the rocks from the Phlegrean 
Fields approach the border of the dosodic subrang nordmarkose, like the ischial 
type, and they might be considered as transitional and the subrang be called nord- 
markose-phlegrose. On the other hand, the Vico rock is close to the center of 
the sodipotassic subrang, and the potash indeed slightly surpasses the soda. In 
other respects they are all well within the limits of class, order, and rang. 

Modes. — ^The mode of the Cuma specimen, both as calculated from the norm 
and as measured by RosiwaPs method, is given below. In the former the amount 
of sodalite was calculated on the basis of the figures for chlorine reported, and is 
seen to be very close to the measured value. As the composition of the ajgirite- 
augite was unknown, and the whole of the normative hematite would yield far too 
much aegirite, an amount of NaaO (.004) equivalent to that of CaO in the wol- 
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lastonite was taken as a basis, which would give a composition approximately like 
that of most a&girite-augites, the rest of the hematite being placed with the ores. 
The CaO of the wollastonite takes up, then, just the amount of Al^Oj set free from 
nephelite by the transfer of Na^O to acmite, to form anorthite (3.3 per cent) which, 
with that calculated normatively, must exist in the feldspar. A small amount of 
nephelite is necessarily present, but this would easily escape observation, owing to 
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the fabric of the groundmass. Allowing for these readjustments, the average 
composition of the alkali-feldspar would be Or76Ab75; that is, almost exactly 
OrxAbx. 

In the measured mode the nephelite has been measured with the feldspar, and 
the amount of these is seen to be rather less than the calculated amount. On the 
other hand, the measured amounts of pyroxene and ores, the colored minerab, are 
rather higher than those calculated by the same figure, these for sodalite being 
almost identical. This discrepancy, though not serious, may be attributed to the 
overlapping of the small mineral grains, and a consequent greater apparent amount 
of the colored ones, a point we shall have to notice later. 

The mode of the blocks from Monte Vico was also calculated and measured 
with the following results. The process of calculation was very similar to the pre- 
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ceding. The measured amount of titanite was assumed to be correct, and the FeO 
thus set free from normative ilmenite placed in a diopside molecule, the extra lime 
being taken from normative wollastonite. A small amount of aegirite was arbi- 
trarily calculated, as in the last case, and an amount of anorthite corresponding to 
this calculated, the total amount of this being 3.6, which goes into the feldspar. 
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The woUastonite which was left over was placed in the aegirite-augite molecule 
though it is a trifle high. There not being enough SiOa left to form albite from all 
the NaaO present, nephelite was calculated by the same set of equations used to cal- 
culate the norm, exactly as was done in the preceding mode. The average alkali- 
feldspar, then, will be Org7Ab48, or almost exactly OrjAbx. 

Comparison with the measured mode shows the same relations as in the case 
of the Cuma rock, though here it is considerably greater, and is also to be attrib- 
uted to overlapping. The calculated and measured amounts of haiiyne are very 
concordant, which in both cases is to be attributed to the rather fair size of the 
crystals, equaling or excelling the thickness of the section, and their equant shape 
and consequent small liability to overlapping. 

The mode of the Monte Nuovo rock was not calculated or measured, as it was 
deemed to be superfluous. It may be assumed to correspond closely with that of 
the Cuma phlegrose. 

Taking aU the above facts into consideration, we may conclude that the mode 
of cumal phlegrose is best represented by the two calculated modes given above, 
rather than by the measured ones. The variations from the norm are inconsiderable, 
and these rocks can readily be classified as far as rang by a microscopic examina- 
tion alone, and, if the highly sodic character of the alkali-feldspar were known, as 
far as subrang. They would therefore be described as normative trachiphyro- 
phlegrose. 

Occurrence. — Ciunal phlegrose is most typicaUy and abundantly represented in 
the Phlegrean Fields, where it occurs at Monte di Cuma, Monte di Prodda, and as 
blocks at Monte Nuovo, as well as other localities. The well-known "pipemo" of 
Pianura might be considered to be of this type, though the entire absence of pheno- 
crysts and the peculiar eutaxitic texture shown in the "flames" of darker material 
would justify the establishment of a separate type for this, which might be called 
the pianural. The cvmial type is also frequent on Ischia, as at Monte Tabor, 
Monte Rotaro, Punto di Castiglione, Scandla, Panza, and elsewhere. Outside of 
the Campanian District these rocks are comparatively rare. They are met with in 
the Auruncan District, where they form flows east of Casi near Teano, below Orchi, 
and possibly elsewhere, and in the Ciminian District, where the type occurs as 
blocks in yellow tuffs around Monte Vico and possibly as a few flows. 

Name. — ^The type name is derived from the locality of Cuma in the Phlegrean 
Fields, the earliest Greek settlement of the neighborhood and a prominent locality 
for the type. 

In the prevailing classifications these rocks would be properly called trachyte, 
and would, for the most part, fall under the head of phonolitic trachytes of Rosen- 
busch, though he classes some of the occurrences as acmite-trach)rte, and others as 
augite-trachyte. The rocks of this type from Monte Vico were formerly caDed 
phonolite by me, but this name lay undue stress on the presence of nephelite and 
haiiyne, the amounts of which are in reality very small. 
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CUMAL PHLBQROSB. 1.5.1.3. 

Megascopic characters. — flight gray, compact, slightly porphyritic. Feldspar phenocrysts 
rare, i to 5 mm., stout prismatic or tabular, clear and colorless. Sodalite or hatiyne pheno- 
crysts rarer, not always visible, about x mm., colorless or blue, equant Augite phenocrysts 
very rare, about i nun., prismatic, black. Groundmass: aphanitic, light gray, usually dull, 
but sometimes with slightly greasy or silky luster, often mottled with darker schlieren. 

Microscopic characters. — ^Holociystalline, megaporphyritic, perpatic, mediophyric. Phen- 
ocrysts: 10 per cent or less, soda-orthoclase, sodalite or haiiyne, segirite-augite. Groundmass: 
90 per cent or more, soda-orthoclase, sodalite or haUyne, nephelite, «egirite-augite, magnetite, 
titanite, occasionally a little glass. 

Soda-orthoclasCt OraAb, to Or,Abi. — Phenocrysts: about $ per cent, i to 5 mm., euhe- 
ral to subhedral, tabular parallel to b (010) or stout prismatic, microperthite and microcline 
structures wanting, Carlsbad twinning common, inclusions rare. Groundmass: about 90 per 
cent, 0.05 to 0.20 mm., subhedral prismatic, arrangement parallel or subparallel. 

Sodalite or haUyne. — Phenocrysts: about 3 per cent, 0.5 to 2.0 nmi., subhedral, equant, 
colorless or blue, inclusions sometimes common, dusty, in fine lines. Groimdmass: about 2 
per cent, same as phenocrysts but much smaller. 

jEgirite-augite. — Phenocrysts: about 2 per cent, 0.5 to 2.0mm., subhedral, prismatic, 
pale olive-green, pleochroic. Groimdmass: about 2 per cent, 0.05 to o. 10 mm., subhedral, pris- 
matic, pale green or gray. 

Magnetite. — Groundmass: about 3 per cent, 0.05 to 0.5 mm., anhedral, equant. 

Titanite. — Groimdmass: about 0.5 per cent, 0.5 mm., euhedral. 

Nephelite. — Groundmass: about 5 per cent, formless areas, interstitial between the feld- 
spar prisms, colorless. 

Chemical composition as in analyses I, II, and III, p. 23. 

Type specimens from Monte di Cuma and Monte Nuovo, Phlegrean Fields, and Monte 
Vico, Ciminian District. 

1. 5. 1. 3. Rotaral Phlesjose [Tnich3rte Obsidian, Rotaro Type]. 

Megascopic characters. — ^Megascopically these rocks show rather numerous 
(about 15 per cent) white phenocrysts of alkali-feldspar, in stout prisms, from 
I to 5 mm. long, and which stand out prominently against the dark groundmass. 
The very dark gray or black groundmass is either obviously hyaline to the naked eye 
or else aphanitic and with a rough fracture; but even in this last case examination 
with the lens and the natural surfaces of the lava blocks shows that it is highly vitreous. 

Microscopic characters. — In thin section the feldspar phenocrysts are clearly 
of a sodic orthoclase, usually with Carlsbad twinning, and the few small phenocrysts 
of augite show a very pale gray or yellowish green and those of biotite a brown 
color. The groundmass varies considerably, enough so as to permit the establish- 
ing of several distinct types, were this desirable. In some cases, as in specimens 
from the Monte di Procida, as well as some Ischian localities, it is an almost pure 
glass of a light-brown color and quite free from microphenocrysts or microlites. 
In others, as in the Monte Rotaro rocks most typically, it is quite thickly strewn 
with small, prismatic microphenocrysts of sodic feldspar, which are sometimes much 
branched. It was noticed that the rocks in which the glass cement is most free 
from these small crystals are very friable and break into small pieces under the 
hammer, not showing the solidity and coherence of such well-known obsidians as 
those of Lipari, Iceland, or the Yellowstone Park. 
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Chemical composition and mode. — Only one analysis was made of this type, and 
this of a rock of somewhat exceptional textural character. While, therefore, in the 
absence of analysis, and in view of the abundance of the glass base and the conse- 
quent indeterminability of the mode, the magmatic position can not be definitely 
established for all the specimens, there is little reason to doubt that all those 
obtained in the Campanian District belong to the subrang phlegrose, where the 
great majority of the holocrystalline, and hence determinable, rocks fall. There 
is all the more reason for this belief in the fact that no soda-lime feldspars were 
observed either among the phenocrysts or the microlites. In the rocks of the Phle- 
grean Fields which fall in vulsinose, and which carry modal labradorite, this mineral 
is invariably present as large phenocrysts. It is therefore justifiable to think that, 
were these rocks in question domalkalic, they would show phenocrysts of labradorite. 
No definite proof can be given to show that they are sodipotassic, except that of 
an analysis, and it is possible that some of them are dosodic, and hence in nord- 
markose. But when the general character of the district is considered, this does 
not seem very probable. 

Chemical ComposUum of Roiaral Phlegrose [Trachyte Obsidian]. 
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The very close resemblance between this analysis and the preceding ones is 
evident, though the norm shows that this rock is nearer all the center points of 
phlegrose than any of the others. This is especially true of the ratio of soda to 
potash, which is very close to unity, instead of approaching the dosodic border as 
in the other phlegroses of the district. 

As the mode is indeterminate through the presence of abundant glass, it is not 
possible to discuss the relations of norm and mode. It may be observed, however, 
that the greater part of the normative augite and magnetite molecules, with the 
sodalite, have not crystallized out, but exist in the glass base. Were the rock holo- 
crystalline, its mode would have been undoubtedly almost identical with that of the 
Cuma phlegrose, and the average feldspars would have had the composition 
OrxAb,. 

Occurrence, — ^In the Roman Region the rotaral type is found only in the Cam- 
panian District, and even here is by no means abundant. Among localities which 
may be mentioned are Monte di Cuma and Monte di Procida in the Phlegrean 
Fields, and Monte Rotaro and Scanella on Ischia. It is noteworthy that this highly 
vitreous texture is never assiuned by the same magma in the other districts where 
it occurs, the Auruncan and the Ciminian, where the phlegrose rocks are uniformly 
holocrystalline. 

Name, — ^The t3rpe name is derived from Monte Rotaro, the locality of the type 
specimen. In prevailing classifications this type would, of course, be considered a 
trachyte-obsidian. 

ROTARAL PHLBQROSB. 1.5.1.3. 

Megascopic characters. — Compact, black sprinkled with white ciystals, obviously highly 
vitreous, porphyritic. Phenocrysts of feldspar rather abundant, i to 5 mm., stout prisms, white 
and colorless, prominent. Groundmass black or brownish black, highly vitreous, often with 
conchoidal fracture, sometimes rough. 

Specific gravity, 2.44. 

Microscopic characters, — Dohyaline, mega- and micro-porphyritic, dopatic, mediophyric. 
Phenocrysts, about 15 per cent, feldspar. Groundmass: about 85 per cent, mostly glass, with 
some microphenocrysts of alkali-feldspar, augite and biotite. 

Soda-orthoclase. — Megaphenocrysts: about 15 percent; i to 5 mm.; subhedral to euhedral, 
stout prismatic; Carlsbad twinning rare, inclusions rare. Microphenocrysts very variable, 
sometimes about 50 per cent, sometimes almost none; o. 10 to 0.30 mm. ; subhedral, prismatic, 
often branched in sheaflike forms; arrangement often subparallel. 

Augite, — Microphenocrysts: about 2 per cent; o.x to 0.2 nun.; euhedral, prismatic; 
pale gray or very pale greenish. 

Biotite. — Microphenocrysts: about i per cent, not always present; 0.05 to 0.02 mm.; thick 
tabular; brown, unaltered. 

Glass, — About 80 per cent; usually brown, sometimes almost coloriess. Sometimes dusty 
with minute, indeterminate microlites. 

Chemical composition and norm as on p. 28. 

Type specimen from Monte Rotaro, Ischia. 
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1. 5. 2. 2. BolMoal Vulslnose [VuUlnite, BolMna Ty^]. 

As is stated elsewhere, this type is homologous texturally with the cumal type 
of phlegrose, differing from the arsal type just as the cumal differs from the 
ischial. Modally, on the other hand, the arsal and bolsenal vulsinose differ 
from ischial and cumal phlegrose by the presence of considerable anorthite or 
labradorite. 

Megascopic characters. — ^These rocks are light gray, in specimens from one 
locality somewhat mottled with streaks of darker gray and yellowish. As the 
"schlieren" seem to be due rather to slight weathering than to essential differences 
in composition, they are not of sufficient importance to justify the separation of 
these specimens from the others as a distinct type. While the type is distinctly 
porphyritic, it is not conspicuously so, as in the preceding one. The phenocrysts, 
which are mostly of feldspar with fewer of augite and biotite, are small, from i to 5 
mm. long, and not very abundant, making up not more than one-fifth of the rock 
volume. The feldspar and biotite phenocrysts are tabular, as usual, while those of 
augite are stoutly prismatic. The light-gray groundmass is aphanitic. 

Microscopic characters. — ^The tabular phenocrysts of feldspar are seen in thin 
section to be of both orthoclase and anorthite, the former more abundant than the 
latter. They are both subhedral, with some crystal planes, occasionally fragmen- 
tary. Carlsbad twinning is common in the former feldspar, while the anorthite is 
often quite untwinned, though usually with multiple lamellae. Zonal structure is 
not often seen, and inclusions are not very common, of augite, magnetite, apatite, 
and glass in both, and also of anorthite in the orthoclase. In many specimens the 
phenocrysts of both feldspars are surrounded by a border of alkali-feldspar sub- 
stance of later growth, which is oriented parallel crystallographically with the 
inclosed crystal, extinguishes simultaneously all around it, and extends a short dis- 
tance into the groundmass, without definite form. The augite phenocrysts call for 
little notice. They are mostly subhedral, in stout prismoids, of the usual pale-gray 
color so characteristic of the rocks of the region, and contain few inclusions of mag- 
netite and of glass. The biotite phenocrysts are tabular, with irregular outlines, of 
a pale brown, and are uniformly much altered in the usual way. A few phenocrysts 
of magnetite, in irregular grains, may generally be seen. 

The groundmass is holocrystalline and composed in great part of small pris- 
moids of soda-orthoclase, which frequently have a subparallel arrangement, giving 
rise to a trachytic fabric. With them are some very small prismoids of colorless 
augite and still fewer small anhedra of magnetite. A little titanite and apatite are 
seen in accessory amounts, and some specimens show rare flakes and irregular areas 
of a pale-brownish hornblende; but none of these minerals can be considered as 
essential to the type. 
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Chemical composition, — ^Analyses of bolsenal vulsinose are available from two 
occurrences. Those of the Bolsena rock were made on material from the same flow 
but of different specimens. One has already been published, but another analysis 
was made, since the former was only the second complete rock analysis which I 
had made, and a test of my work at that time was desirable. The results are satis- 
factorily concordant, especially when it is considered that they were made on dif- 
ferent specimens of a somewhat eutaxitic lava. As none of the sample of powder 
from the first analysis was preserved, the figures for TiO^ and PaOj given in II have 
been inserted in I, with proper corrections in the amount of AlaOj. This is not 
strictly accurate, but as both specimens come from the same flow, and the figures 
in question are small, the error can not be of importance, and the analysis as 
thus corrected and completed is undoubtedly more nearly in accordance with the 
facts than as it was originally published. The two analyses of the Astroni rocks by 
Riva have been used, as they show evidence of accuracy by correspondence with 
the descriptions and figures of the mode, and are satisfactorily complete. 

Chemical ComposUion of Bolsenal Vulsinose [VulsiniU\. 
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V. Bolsenal vulsinose [vulsinite]. 
De Lorenzo and Riva, 



Below castle, Bolsena, Vulsinian District H. S. Wash- 
Geol., IV, 1896, p. 552. TiOa and PjO, from 11. 
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Below castle, Bolsena. Mean of I and 11. 
Caprara, Astroni, Phlegrean Fields. C. Riva, analjrst. 
AU. Ace. Nap. Set., XI, 1902, p. 43. 
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AU. Ace. Nap. Set., XI, 1902, p. 48. 
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The very close correspondence of these rocks, from near the extremities of the 
volcanic zone, establishes the type of bolsenal vulsinose with great definiteness. As 
regards class, the ratios approach somewhat closely to the border of dosalane, though 
not near enough to justify us in calling the type transitional. The ordinal position 
in every case is well within the limits, the amount of normative lenads being entirely 
negligible. The ratios determining rang are almost exactly at the center point in 
all three analyses, but as regards subrang all three approach the border toward the 
third (sodipotassic) division. This is especially true of V, which might be desig- 
nated properly a pulaskose-vulsinose, though it would seem to be a rather hair- 
splitting matter to call it a separate type on this ground, when the other represen- 
tative from the same volcano resembles it so closely. 

Mode, — Complete estimation of the mode by Rosiwal's method was impos- 
sible, on account of the small size and confused arrangement of the constituents of 
the groundmass, as well as the error due to overlapping, although the phenocrysts 
could be measured with sufficient accuracy in the thin sections. The figures below 
are therefore based partly on Rosiwal measurements and partly on recalculation 

of the norm. 

Soda-orthodase, Or^Ab^ 69. 5 

Anorthite 6.1 

Andesine-labradorite, AbiAni 11. 9 

Augite 7.4 

Biotite i.o 

Ores 3.6 

Apatite 0.4 

Titanite o.i 
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It is clear from this that considerable soda-lime feldspar must exist among the 
groundmass feldspar laths, which is indistinguishable from those of orthoclase, partly 
due to their small size and partly to the absence of twinning, which is not always 
pronounced even in the phenocrysts of anorthite. That the groimdmass soda-lime 
feldspar must be considerably more sodic than the phenocrysts is shown by their 
lower refractive index, as well as from a consideration of the norm and the composi- 
tion of the orthoclase, which can not be far from that stated above; that is, roughly 
OraAb,. This leads to the assignment of the composition AbjAn, to the ground- 
mass pkgioclase, rendering the average composition AbzAn,. From the optical 
characters of the augite it is clear that none of the acmite molecule is present; in the 
readjustment of molecules for calculating this mineral it was assumed to have the 
composition of that from the Ticchiena albanose, the analysis of which is given 
later. The amount of AljOj thus set free by the transfer of CaO from norma- 
tive anorthite to the wollastonite demanded by the augite is just about sufficient for 
the small amount of biotite present. 

In general, the modal departures from the norm are of very small moment, so 
that the mode is a normative one, and the rock may be described as normative 
salphyro-vulsinose. 

Occurrence, — ^The best-known locality of this tjrpe is at the town of Bolsena in 
the Vulsinian District, and it probably occurs elsewhere in the northern part of this 
district. Recently rocks of this type have been described by De Lorenzo and Riva 
from the Astroni Volcano in the Phlegrean Fields, and the same type is foimd in 
the Auruncan District, as in the valley east of Casi and near Torano, both near 
Teano. 

Name. — ^The derivation of the subrang name has been already given, and that 
of the type is, of course, derived from the locality mentioned above. 

In the prevailing systems of classification rocks of this type have usually been 
designated trach)rte, though they diflFer from the true trach3rtes chemically in their 
lower silica and alkalis and higher lime, and modally in the presence of consider- 
able labradorite or anorthite; and this abnormality has been commented on by 
almost every petrographer who has described them. On these groimds I proposed 
some years ago that they be separated from the true trachytes, as a separate group 
intermediate between the trach)rtes and basalts, and that they be called vulsinite, 
this name having been applied as well to the types known here as arsal vulsinose 
and arsal and bolsenal ciminose. While the separation of these types from the true 
trachytes and the bestowal of a distinctive name upon them has been criticized, the 
close accordance between the more numerous analyses which we now have of them, 
and their very marked dissimilarity in chemical composition from the typical 
"trachytes" of the older systems, as revealed by their norms and classification 
quantitatively, would seem to show that the separation and the use of the new 
name were amply justified. 



34 THE ROMAN COMAGMATIC REGION. 

BOLSBNAL VUL51N05B. 1.5.2.2. 

Megascopic characUrs, — flight gray, sometimes mottled through darker schlieren, compact 
porphyritic. Feldspar phenociysts rather abundant, x to 5 mm., stout prisms, dear, glassy. 
Augite phenocrysts few, 0.5 to i mm., prismatic, black. Biotite phenociysts very few, 0.5 
to I nun., thin tabular, bronzy brown. Groundmass: light gray, aphanitic, rou^ fracture. 

Specific gravity, 2.534 at 25® C. 

Microscopic characUrs, — ^HolociystalUne, megaporphyritic, dopatic, mediophyiic. Pheno- 
crysts: about 20 per cent, orthoclase, anorthite, augite, biotite. Groimdmass: about 80 per 
cent, trachytic fabric, orthoclase, labradorite, augite, magnetite, apatite, titanite. 

Soda-oHhodasCt OrQAb4. — ^Phenociysts: about 10 per cent, x.o to 5 mm., subhedral, 
prismatic, Carlsbad twinning common, often surrounded by a mantle of later orthoclase sub- 
stance extending irregularly into the surrounding groundmass. Groundmass: about 60 per 
cent, 0.05 to 0.2 mm., anhedral, subprismatic and irregular, arrangement often subparalld. 

Anorthite, — Phenociysts: about 6 per cent, 0.5 to 3.0 mm., subhedral, stout prismatici 
often equant, usually multiply twinned, often sunoimded by later mantle of orthoclase like 
alkali-feldspar phenocrysts. Groundmass: none, except as below. 

Labradorite, Ab, An,. — Phenocrysts none. Groundmass: about 12 percent, 0.05 to 0.20 mm., 
subhedral, prismatic to irregular, arrangement subparallel. In many specimens there is no 
difference in composition between the plagioclase of the phenociysts and of the groundmass, 
both having about the composition AbiAua. 

Augite, — Phenocrysts: about 2 per cent, 0.2 to i.omm., subhedral, stout prismatic and 
fragmentary, colorless or pale greenish-yellow. Groundmass : about 5 per cent, o . 01 to o . 03 mm., 
anhedral, prismatic and equant, gray or pale yellowish. 

Biotite. — Phenocrysts: about i per cent, 0.5 to i.omm., subhedral, thin tabular, brown, 
usually altered. Groundmass, none. 

Magnetite. — Groundmass: about 4 per cent, o.oi to 0.2 mm., anhedral, equant 

Apatite and titanite. — ^Very rare accessories, in minute crystals of usual form. 

Chemical composition and norm as on p. 31. 

Type specimen from below castle, Bolsena, Lake Bolsena, Vulsinian District. 

I. 5. 2. 2. Viterlial Vulslnose [Leudte-Tnichyte, Vlterbo Type]. 

With this type of vulsinose we meet the first of the long and interesting series 
of leudtic rocks for which the Roman Region is so famous, and which give it such a 
strongly marked petrographic character. The rocks to be now described^ further- 
more, exhibit a habit which is one of the best marked in the region and which rivets 
the attention of every geologist. The assimiption of this leudtic mode by a per- 
salic magma is of some interest, as leudte rocks are, for the most part, of the dosalane 
or salfemane classes. 

Megascopic characters, — ^The rocks, which would be called leudte-mdaphyres 
in the field, are characterized espedally by the abundance and size of the phenocrysts 
of leudte. These constitute about 40 per cent of the rock voliune, and vary in diam- 
eter from a to 15 nun., with an average of about 8 nun. These leudtes are hi^y 
euhedral trapezohedra, though sometimes fragmentary through breaking up during 
the flow of lava. They are lightly spotted with black indusions of augite and ^ass, 
and carry as well some indusions of labradorite, which are not distinguishable m^a- 
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scopically. Owing to their white color, their size, and the generally rather dark~ 
shade of the groundmass, these phenocrysts stand out very prominently and give 
the rocks of this and homologous types a most characteristic appearance — so much 
so that they have the popular name of " fish-eye*' (ouhio di pesce). Accompanying 
these leudtes, but very inconspicuously, are a few much smaller phenocrysts of feld- 
spar (mostly labradorite) and augite. The aphanitic groundmass is a rather dark 
ash-gray. 

The habit of these and homologous types, characterized by abundant, large, 
euhedral leudte phenocrysts, with only very small amounts of small augite pheno- 
crysts, and a rather li^t to rather dark gray aphanitic groundmass, may be called 
"viterboid." Microscopically the groundmass may or may not show some leudte, 
as it does in the homologous type of vicose, the relative proportions of alkali- and 
soda-lime fddspars in the groimdmass may vary considerably, the former bdng 
usually the more abimdant, and the fabric may be more or less trachytic. But 
these differences are microscopic, and it would not seem advisable at present to 
r^ard them as of suffident importance to determine different habits. 

Microscopic characters, — ^In thin section the large leudtes show the usual 
double refraction and twinning, which are very well marked unless alteration has 
set in. Indusions of augite, labradorite, magnetite, and glass are not unconunon. 
The less abundant feldspar phenocrysts are mostly of orthoclase, with some of lab- 
radorite. They are in the form of stout subhedral prismoids, often with numerous 
glass indusions, mostly clustered toward the center. The augite phenocrysts are 
mostly well formed crystallographically, and are of the usual very pale gray, with 
only a shght tinge of green and non-pleochroic. The groundmass is holocrystalline, 
composed in very large part of small orthoclase prismoids, whose arrangement is 
diverse, forming a fdted fabric. With these are small quantities of minute augite 
prismoids, some biotite flakes interstitial between the feldspar laths, magnetite 
grains, and an occasional small apatite and titanite. A few of the spedmens which 
are of this t3rpe contain small amounts (not more than a per cent) of leudte in 
the groimdmass, as very small, dear, equant euhedra, in this respect being transi- 
tional toward the viterbal vicose to be described later. 

Chemical composition. — ^Two analyses were made of viterbal vulsinose and 
are presented below, along with one of bolsenal vulsinose for comparison. The 
second of these was made and published some years ago, though additional deter- 
minations of minor constituents have been made since. It differs from the other 
in several respects, notably in lower alkalies and alumina, and higher oxides of iron, 
lime, and magnesia. As will be seen when the mode is under discussion, there is 
strong reason for the beUef that the sample analyzed was not representative of the 
rock, but contained less of the leudte phenocrysts and more of the groimdmass. 
For this reason the analysis of the Grignano rock is to be regarded as the most 
typical. 



36 



THE ROMAN COMAGMATIC REGION. 

Chemical ComposUion of Viierhal Vulsinose [LtucUe-irachyte\ 



II. 



m. 



IV. 



SiOa.. 
Al,03. 
Fe,03 
FeO.. 
MgO. 
CaO.. 
Na,0. 
K,0.. 
H,0 + 
H.O- 

COa.. 

TiOa. 

PaOj. 

MnO. 
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2.84 
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0.82 

0.20 

n. d. 

99.92 



■\\\ 



58.48 

18.56 

2.03 

3.16 

0-53 
2.60 

3- 14 
10.47 

0.24 

0.70 
0.30 



I. Viterbal vulsinose [leucite-trachyte]. Sorgente dl Grignano, southwest of Lake Vice, 

Ciminian District H. S. Washington, anal3rst 
II. Viterbal vulsinose [leucite-trachyte]. Below San Rocco, Monte Vico, Ciminian Dis- 
trict. H. S. Washington, analyst Jour, Gtol,, V, 1897, p. 370. Additional 
determinations here. 

III. Bolsenal vulsinose [vulsinite]. Bolsena, Vulsinian District (Cf. p. 31.) 

IV. Bagnoreal vulsinose peudte-trach3rte]. Monte San Antonio, Auruncan District vom 

Rath, analyst Zeits. d. d, geal. Ges., XXV, 1873, p. 244. FeaOj, FeO, TiO,, 
and PaOs estimated by H. S. W. 
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II. 
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-8.10 


19.74 
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2.76 



87.23 



11.58 
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Comparison of the analirsis of this leudtic type (I) with that of the non-leudtic 
(III) is of interest. While they are closely similar in the figures for alumina, iron 
oxides, magnesia, lime, and soda, the silica of I is lower by about 2 per cent, and 
potash higher by about 1.6 per cent. These differences are not very great, but they 
are concordant, and sufficient to have determined (it may be concomitantly with 
the physical conditions) the formation of modal leucite in the one and its absence in 
the other. At the same time, it must be understood that modal leucite could have 
formed from the magma of III, as is clear from consideration of the norm, though 
only to a comparatively small extent, limited by the small amoimts of normative 
nephelite and olivine which this t3rpe shows. 

The analysis in IV has been corrected by me from vom Rath's original one in 
regard to the oxides of iron, titanium, and phosphorus, the corrections being based 
on an analysis of mine of a leudte rock from the same locality. It will be discussed 
later. 

Mode, — ^The measured mode of I was determined both megascopically and 
microscopically, the phenocrysts of leudte having been measured on the surfaces 
of a good- sized hand spedmen and those of labradorite and augite, with the con- 
stituents of the groundmass, in the thin section. For the calculated mode the com- 
position of augite was assiuned to be that occurring in the Ticchiena albanose, as in 
the preceding case, and that of the biotite to be about equal parts of leucite and 
olivine. This last is not strictly correct, but the error will be slight in view of the 
small amount of this mineral present. 



Measured. 



Soda-orthoclase, OrsAb7 
Labradorite, AbiAna . . . 

Leudte 

Augite 

Biotite 

Magnetite 

Apatite 





Vol.%. Sp.gr. 




Wt.%. 


39-6 


42.0 X 2.6 - 


109.20 


41. 1 


17. S 


II. X 2.7 - 


29.70 


II. 2 


314 


38.0 X 2.5 - 


95.00 


35-7 


S3 


S-4 X 3-3 - 


17.82 


6.7 


2-3 


2.0 X 2.9 — 


5.80 


2.2 


3-2 


1.6 X 5.2 - 


8.32 


31 


0.7 


— 






lOO.O 


100. 


265.84 


100. 



It will be seen that the correspondence is fairly dose for most of the constitu- 
ents, espedally when the very fine grain of the groundmass is taken into considera- 
tion. The only marked discrepancies are in the amounts of labradorite and leudte, 
which are respectively lower and higher in the measured mode. The former is prob- 
ably due in part to the presence of some labradorite indusions in the leucite pheno- 
crysts, which were not reckoned in, and also in part to the possible presence of some 
lime-soda feldspar among the groundmass laths. The measured leucite must, of 
course, be diminished by the amount of labradorite which it indudes, as well as by 
the small quanitities of augite and glass indusions, whose exact amount could not 
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be definitely ascertained, as most of the leudtes were much broken in the sections 
and their inclusions lost Of the two modes, that calculated from the norm is 
regarded as the more reliable and the nearer approximation to the true composition. 

From these it is clear that the modal deviations from the norm due to alferric 
minerals are inconsiderable, but that the essential difference lies in the modal 
leudte replacing a negligible amount of normative nephelite. The relations of mode 
and norm are of especial interest as illustrative of the possibility that a rock 
belonging to a perfelic order may carry modally about 30 per cent of the lenad 
leudte. This wiU be adverted to in a later discussion. From the description of 
the rock and the relation of the mode to the norm, the type may be described as a 
leudte-salph)rro-vulsinose. 

The mode of 11 was less satisfactorily estimated by Rosiwal's method, and as 
thus determined agrees far less dosely with that calculated from the norm. The 
leudte phenocrysts were determined by measurements on the surfaces of the hand 
spedmen, and those of feldspar and augite phenocrysts in thin section, both as 
compared with the groundmass as a whole. Attempts to estimate the relative 
amounts of the minerab in this last were unsatisfactory, because of their very small 
size and the consequent large error due to overlapping. As thus determined the 
mode may be stated as follows: 

VoL % Sp. gr. Wt % 

Orthoclase phenocrysts i.i X 2.6 -i 2.9 z.i 

Labradorite phenocrysts 14. i X 2.7 ^ 38.1 14.7 

Leucite phenocrysts 38. i X 2.5 — 95.3 36.8 

Augite phenocrysts 1.4 X 3.3 — 4.6 1.8 

Groundmass 45.3 X 2.6 -i 117. 8 45.6 

100. o 358.7 100. o 

Comparing this with the Rosiwal mode of the Grignano rock, it is seen that the 
amounts of leudte phenocrysts in both are almost alike, and as these could be 
measured with considerable accuracy, it must be assumed that the measured amounts 
of this mineral are very dose to the truth, though slight corrections must be made 
for the small quantities of indusions which the large phenocrysts carry, and which 
it was not practicable to estimate. 

The mode was also calculated from the norm by the usual process of successive 
readjustments, all the normative olivine being changed to hypersthene, which enters 
into modal augite, and the normative nephelite taking silica enough to form albite, 
which enters into modal alkali-feldspar and labradorite. In this way we obtain 
the maximum amount of molecules of minerals as highly silicated as possible, leav- 
ing as little silica as possible to combine with potash in orthoclase and leudte, the 
amoimts of which are thus theoretically fixed and can be calculated by the equa- 
tions given in the '' Quantitative Classification" on page 194. We must thus 
obtain the maximum amoimt of leudte capable of formation from the magma, 
as, if more were assumed to be present, some silica would necessarily be set free, 
which is contrar}' to the actual facts. 
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In this way the following calculated mode was obtained: 

Orthodase, Or,Ab, 47-85 

Labradorite, AbjAna ^9*91 

Leudte 17.22 

Augite 8.21 

Ores 5 . 24 

Apatite 0.40 

98.83 
H,0, etc 0.99 

99.82 

It b clear that the discrepancy between the observed and the calculated amounts 
of leudte, 36.8 and 17.2 per cent, can not be explained by the corrections needed 
for indusions, and it has been shown above that the larger amount of leucite as 
revealed by Rosiwal's method must be dose to the truth. As, furthermore, by no 
possible means can more leudte be calculated from the magma without setting 
silica free, and there is no reason to believe that the analysis is seriously incorrect, 
it follows that the only allowable explanation of the discrepancy is that the sample 
analyzed did not correspond to the rock as a whole, but contained an unduly large 
amount of groundmass and an imduly small amount of the leudte phenooysts.* 
That this explanation is the correct one is the more probable when it is con- 
sidered that the analysis was made by me some eight years ago, when the 
importance of crushing up a suffidently large piece of rock had not impressed itself 
upon me, and when the coarsely porphyritic character of the rock and of the britde- 
ness of the leudte phenocrysts are taken into account. If a rather small piece was 
taken, it would be probable that the sample analyzed would contain relatively more 
groundmass than the rock itself. This condusion is borne out by the fact that the 
modes of the San Rocco specimen show considerably more of the groundmass con- 
stituents than in the other spedmen. Attention is called to this otherwise rather 
unimportant point, as it serves to emphasize a feature of the analysis of rocks — ^the 
proper preparation of the sample — on which I have laid stress elsewhere-f In view 
of the condusions above, the analysis (II) of the San Rocco vulsinose can not be 
considered as representative of the rock magma, and must be disregarded in future 
discussions. 

Occurrence. — ^This type has been found with certainty only in the Ciminian 
District, where it is very abundant, many of the lava flows of the Vico Volcano 
bdonging here. Among localities where especially good spedmens were collected 
may be mentioned several flows in the east inner wall of Monte Vico below San 
Rocco, flows near San Martino, northwest of Lake Vico, especially above the 
church and below the town at the Contrada di Merlano, and southwest of Lake 
\^co, as at the Sorgente di Grignano and the Ponte delle Cese. 

* As the silica percentage of leudte is 55-05, and therefore doee to that of the rock, the removal of leudte would 
not materially afiea the silica shown by the analysis. 

tH. S. Washington. P. P. 14, U. S. G. S.. p. 18. 1903; and The Chemical Analysis oj Rocks, New York, 
1904, p . 47. 
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The type may also occur in the Auruncan District. The analysis of a "leu- 
cite- trachyte" by vom Rath given in column iv is that of a vulsinose and with a 
leucitic mode. A rock with prominent leudte phenocrysts collected by me at this 
locality shows much less silica (51.20) and falls in vicose (II. 6. 2. 2), and is clearly 
not the same as vom Rath's rock, as his silica determination can not be so greatly in 
error. His description is not very clear or detailed, but it may be gathered that the 
mode is probably closely like that of the bagnoreal dminose and vicose, to be 
described later, in which the leudte phenocrysts are much less abundant and less 
prominent, and with more numerous augite phenocrysts. I have therefore assigned 
vom Rath's rock provisionally to the type of bagnoreal vulsinose, though this needs 
further investigation. The descriptions of Bucca lead one to believe that true 
viterbal vulsinose is quite abundant in the Auruncan District, as at the localities 
of Valogno Piccolo and below Orchi. I did not visit the former locality, and the 
rocks which I collected near the latter village are not of this type. 

Name. — ^The type adjective, viterbal, is derived from the city of Viterbo, the 
chief town of the Ciminian District. In prevailing dassifications rocks of this 
type have gone under very different names. If we disregard the small amount of 
labradorite, which is alwajrs subordinate to the orthodase, the rocks would be called 
by Zirkd leudte-trachytes, and by Rosenbusch leudte-phonolites. Of these two, 
that of Zirkel is the better, in my opinion, for reasons given elsewhere. Some 
petrographers, however, regard the presence of the labradorite as of more impor- 
tance than that of the more abimdant orthodase, and therefore call these rocks leudte- 
tephrites. Of this appeUation it may be remarked that it is at variance with the 
quantitative relations of the two feldspars, ignoring that which is most abundant 
and la3dng spedal stress on the subordinate one. It may also be noted that these 
rocks differ widely from others of the region to which the name of leudte-tephrite 
is applied with as much logical reason as the prevailing systems are capable of. 
Under the prevailing systems, however, there is no means of distinguishing this 
well-marked type from others in which the leudte is not deddedly porphyritic. 
The characters are so wdl marked and so easily recognizable, and these rocks are 
so important in the petrography of the region, that they would seem to be deserving 
of a separate name. For this the term vUerhUe may be used. 

I. 5.2.2. Pallaozaiial VoUinose [Leuclte-Trachyte* Pallanzana Type]. 

This type is intermediate between the bolsenal and viterbal types. It resembles 
the former in the rather small and rare feldspar phenocrysts and the latter in the 
presence of phenocrysts of leudte, though these last are much smaller and far less 
abundant than in the rocks just described. 

The rocks are all more or less decomposed, being so friable that it was impos- 
sible to obtain good specimens, and it is noteworthy that all writers mention the 
uniformly altered condition. On this account no analysis was made of them, so 
that their exact magmatic position is not sure. Microscopic study, however, ren- 
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dered it evident that at least the majority of the occurrences fall in vulsinose, so 
that, as a description is called for on account of their importance in the Ciminian 
District, it may be inserted here. 

The rocks are light gray, megaphyric, and dopatic to p>erpatic. The majority 
of the phenocrysts are of feldspar, mostly of orthoclase, but with about half as much 
labradorite. These are up to 30 or 30 mm. in length and euhedral to subhedral 
tabular. The feldspar phenocrysts constitute from 10 to 15 per cent of the rock. 
Phenocrysts of leudte are less numerous, making up not more than about 5 per cent 
of the rock. They vary from 5 to 10 mm. in diameter, are anhedral equant, and 
alwa3rs a duU white through kaolinization. Very few phenocrysts of augite and 
biotite are also present, of about the size of the leucites. 

The groundmass is either very &ie grained or aphanitic, and is quite often 
somewhat vesicular, though never scoriaceous. It is also holocrystalline and closely 
resembles that of the bolsenal type, composed in very large part of small laths of 
orthoclase, which have a subparallel arrangement. With these are a very few 
small (0.05 to o.oi mm.), round spots of colorless, isotropic substance, which is prob- 
ably to be referred to leudte. Their amount, however, is negligible. There are 
the usual small prismoids and irregular grains of colorless augite, and fewer of 
magnetite, but none of the interstitial biotite seen in the preceding phase. Here 
this mineral seems to have developed entirely as phenocrysts. 

The occurrence of these rocks is confined to the Ciminian District, where they 
are rather common, being known locally as "petrisco." The typical "petrisco" is 
best developed in the northeastern part of the district, where it forms extensive 
flows from the Vico Volcano. The largest of these originated apparently on the 
north flank of Vico, and passed northward around Monte Pallanzana, which 
divided it into two branches. From this flow characteristic spedmens were obtained 
by me at the Villa Lante near Bagnaia and at Cavorde on the north branch and 
at I Cappucdni on the south branch, as well as from other localities. Mercalli 
describes several flows of "petrisco" on the east and south of Monte Vico, between 
Capranica and Rondglione, but whether they are strictly of this type or not is 
uncertain, as I was unable to visit them. 

As stated above, no analysis was made of this type, on account of the weathered 
condition of all the specimens, so a formal description is uncalled for. 

I. 6-5* 2. 3* Paglial Procenose-Pulaskose [Leucito-Trachyte* Paglla Type]. 

Megascopic characters. — ^In the hand spedmen the rocks of this type are much 
like those of the type of sabatinal beemerose to be described later, the main differ- 
ence bdng the somewhat darker groundmass. They are medium gray in color, 
very compact, and markedly porphyritic. Leudte phenocrysts are not very numer- 
ous, making up but about one-tenth of the rock, but they are conspicuous and quite 
large, from 5 to 20 mm. in diameter. Most of them show crystal planes, but 
all are more or less fragmentary, so that completely bounded trapezohedra are very 
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rare. Their color is inclined to yellowish, the luster is apt to be somewhat waxy, 
and they are mostly quite free from inclusions. There are also very few large (lo to 
20 mm. long), stout prismoids of feldspar, which the microscope proves to be of 
orthodase, and some smaller ones of what the thin section shows to be labradorite. 
In addition are very few and small prismoids of black augite, so inconspicuous as 
almost to escape notice. The groundmass is a rather dark ash gray, and quite 
aphanitic. 

Microscopic characters. — ^In thin sections the larger leucite phenocrysts have 
generally fallen out, but the fragments left show the usual double refraction and 
twinned structure. One or two sections of the large feldspar phenocrysts show that 
they are of orthodase, undoubtedly sodic, while the smaller ones are of labradorite, 
about Abi Ana. These last are much twinned, and are usually gathered into clusters, 
whose numbers are greater than those of the orthodase phenocrysts. The pheno- 
crysts of augite are subhedral or anhedral, mostly in stout prismoids or fragments, 
and of the usual pale-gray tint. 

The groundmass is holocrystalline, and the fabric is, on the whole, trachy- 
tic, though not as typically so as in many otlier types, on accoimt of the presence of 
considerable niunbers of formless anhedra of orthodase and rounded leucites. It 
is composed very largely of feldspar, for the most part in slender prisms or laths, 
of which the majority are of orthodase with fewer of labradorite, though it was 
impossible to arrive at any satisfactorily accurate estimate of the relative amounts. 
As noted above, anhedral individuals of orthodase also occur. Leudte is present 
in considerable amount as small, roimd anhedra, de&ied by the rings of augite 
and magnetite grains and fddspar laths surrounding them, and identifiable by the 
faint double refraction. Scattered through the mass are the usual small prismatic 
anhedra of colorless augite, equant anhedra of magnetite, and rare apatite prisms. 
Neither nephelite nor glass could be detected, and the sodalite minerals seem to be 
wholly absent. 

Chemical composition, — For the analysis a fair-sized hand specimen was crushed 
and sampled, in order to obtain a representative powder, on account of the large 
size of the leucite phenocrysts. With the analysis of mine is given one by Ric- 
dardi of a rock also from Proceno, called a leucite-tephrite by Klein, whose descrip- 
tion agrees in the main with that of the spedmen analyzed by me. There is also 
given an analysis by Riva of a bolsenal vulsinose-pulaskose (vulsinite) from the 
Astroni Volcano in the Phlegrean Fields. 

The analysis itself does not call for spedal remark, except that the consider- 
able amoimt of BaO and the presence of small quantities of zirconia, strontia, and 
the "rare earths" may be noted. These last were determined with care by Hille- 
brand's method,* and there is probably little doubt that they exist in similarly small 
amounts in other rocks of the region, as they were also found to be present in a more 
femic rock. 

♦ W. F. HiDebrand, Bull. 176, U. S. Ged. Sunr., p. 77. iQoo. 
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Chemical Composition of Paglial ProceHose-pulaskose [LeuciU4rachyU\ 
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III. Paglial pulasko8e?["leudte-tephiite"]. Below castle, Proceno. Ricciaxdi, analyst Klein, 
Neu, Jahrb., B. B. VI, 1889, p. 26. 



Or. 

Ab. 
An. 



51 

14. 

12. 



Norm of T, 
.78.65 



Norm of II. 



Ne 10.79 

Di 

01 

Mt 

II 

Ap 



I-70 , 51-71) 

4- 15 t 78-65) 19.12 V 81 

2.79) ^89. 44 11.12) 

0.79 10.79) 5.82 5 



95. 



Rest. 



2.22 j 

3.02 ( 
1.52' 
0-34 

97.89 
1-69 

9958 



10.79 
3-57 I 

4-54 1 
0.34 I 



5.82 
6.83 



5.82 
6.83 



8.47 



.71 { 
0.91 J 



3-; 
0.5 
0.36 



4.62 
0.36 

99.58 
1-09 

100.67 



■87.77 



►11.79 



Ratios. 



Class. 



•i^ -i°-56 



Order. 



Rang 

Subrang. . 



Sal 
Fem 
F 
L 

K,0^+Na.O^ 
CaO' 

K.O' 



• NaaO' 



7.29 
3-43 
1.43 



II. 
7-44 

14.08 

3-75 
1.63 



44 THE ROMAN COMAGMATIC REGION. 

From the figures of the norm and the ratios it is seen that the rock falls well 
within the persalane class and the domalkalic rang, and fairly well within the sodi- 
potassic subrang, though somewhat close to the dopotassic border. But it is almost 
exacdy on the line between the perfelic and lendofelic orders, falling in order 5 or 6 
according to whether the small amount of apatite is calculated in the norm or not. 
It is therefore eminently a transitional one belonging strictly in pulaskose, I. 5. 2. 3, 
but very close to the border of the subrang I. 6. 2. 3, as yet unnamed, which may 
be called procenose, from the locality of the specimen analyzed. The magmatic 
name then will be procenose-pulaskose. 

The analysis of the Astroni rock in II resembles the other very closely, except 
in containing 2.5 per cent more silica. This larger amount, by increasing the quan- 
tity of normative albite and diminishing that of normative nephelite, removes the 
type well away from the border of order 6, while, like the preceding, it falls well 
within class I and rang 2. On the other hand, the ratio of soda to potash brings it 
very near the line of dopotassic subrang 2, so that this type must be regarded as a 
vulsinose-pulaskose. It will be remembered that the other rocks of the Astroni 
Volcano fall in vulsinose, one, indeed, being strictly a pulaskose-vulsinose. 

The analysis by Ricdardi in III must be of a rock almost, if not quite, the 
same as that analyzed by me, as Klein's description agrees with mine in all essen- 
tial respects, and the town of Proceno is built upon but one thick lava flow, from 
which the two specimens must have come. It will be seen that here, as in so many 
other of the same chemist's analyses, the amounts of the alkalis reported are quite 
irreconcilable with the mode of the rock. Thus the potash reported would 
allow the formation of but 18.35 ^^ orthoclase or 14.39 of leucite, and the silica is so 
high that it can not be satisfied by the bases present, and the rock would necessarily 
contain considerable amoimts of quartz. Indeed, the discrepancy is so marked 
that Klein comments on the apparently low figure for alkalis. 
4» Mode. — Estimation of the mode of the paglial procenose-pulaskose could be 
tarried out by Rosiwal's method only as far as the phenocrysts and the dark minerals 
were concerned. The feldspar laths of the groundmass were far too fine and con- 
fused in arrangement to allow of separate estimation of the orthoclase and the labra- 
dorite. The amount of the large leucite phenoaysts (10.4 per cent by volume) was 
determined in the hand specimen, while the thin section was used for those of the 
groundmass and the other constituents. The results may be thus tabulated: 

Vol.%. Sp.gr. Wt.%. 

Orthoclase phenocrysts. . . 1.1X2.6— 2.9 i.i 

Labradorite phenocrysts. . 2.9 X 2.7 — 7.8 2.9 

Lcudte 16.6 X 2.5 — 41.5 15.6 

Angite 4.9 X 3.3 — 16.2 6.1 

Magnetite 1.4 X 5.2 - 7.3 2.8 

Feldspar, groundmass 73.1 X 2.6 — 190.0 71.5 

100. o 365*7 100. o 

In calculating the mode from the norm it will be found that if all the nephelite 
is assumed to take up silica to form modal albite there must result 36.2 per cent of 
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leucite and only 5.6 per cent of orthoclase. These amounts are obviously incorrect, 

as the amount of leucite shown by RosiwaPs method can not be so far from the truth, 

since this mineral is mostly in the form of phenocrysts and is easily measurable. If 

we then assume that the amount of leudte is that given above 16.6 per cent and that 

all the olivine molecules enter as hypersthene into the augite, we shall obtain the 

following results: 

Orthoclase, OrjAbj 48.3 

Labradorite, AbjAna 18. 3 

Leudte 16.8 

Nephelite 6.5 

Augite 6.2 

Ores 3.9 

xoo.o 

This calculated mode may be regarded as closely correct, though it differs from 
the microscopic description in the presence of nephelite. The amount of this, 
however, is small, and it could easily be overlooked among the closely packed feld- 
spar laths. After attention was directed to its probable presence, examination under 
high powers revealed some colorless interstitial cement, with weak birefringence, 
which may well be this mineral. 

The deviation of the mode from the norm is therefore considerable, but is 
espedally marked in the presence of abundant leucite, replacing some of the norma- 
tive orthodase and nephelite, much of the latter becoming albite and entering the 
feldspars. The readjustments due to alferric minerals are negligible. The rock 
may therefore be described as a leucite salphyro-procenose-pulaskose. 

Occurrence. — ^The most important occurrence of the type of paglial procenose- 
pulaskose is the very extensive flow which, issuing from the Latent Volcano in the 
northwestern part of the Vulsinian District, flowed north and ended at the Paglia 
River, near Proceno and Acquapendente. The spedmen analyzed came from below 
the castle of Proceno, but specimens of the same type were obtained by me fnjp 
dsewhere in the flow. From the descriptions of Bucca and Klein it is probable 
that the same type, or similar ones, occur at Gradoli, Monte Calveglia, Poggio Pi- 
lato, and elsewhere around the Latera Volcano, though I can not confirm this supposi- 
tion definitdy by actual spedmens, as I was prevented from visiting these localities. 
The same type was also found by me at Monte Bisenzo, on the southwest shore of 
Lake Bolsena, though the majority of the rocks of this locality belong to other types 
and magmas. 

Name. — ^The derivations of the subrang names have been explained elsewhere, 
and that of the type is derived from the Paglia River, at which the flow composed 
of the type ends — the most prominent geographical feature of the neighborhood. 

The rocks of this type are nearly always referred to as leudte-tephrite by the 
Italian and German petrographers, on account of their content in labradorite. Such 
a designation, however, exaggerates the importance of this constituent at the 
expense of the very much more abundant orthoclase. Furthermore, these rocks, 
with their large leudte phenocrysts and rather Ught-gray groundmass and abundant 
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orthodase, differ widely in texture and mode from the other rocks of the region to 
which the name tephrite is applied, and which contain abundant labradorite, prac- 
tically no orthodase, few and small leudte phenocrysts, and with a dark-gray 
groundmass. For these reasons the name of leudte-trach3rte is the more appropriate. 

PAQUAL PR0CBN05BPULAS-K0SB. I. 6^.2.3. 

Megascopic characters. — flight gray, compact, porphyritic. Leucite phenociysts not very 
abundant, 5 to ao mm. in diameter, fragmentary, and with crystal planes, not many inclusions. 
Feldspar phenocrysts, few, some 10 to 20 mm. long, stout prismatic, mostly small and inconspic- 
uous; augite phenocrysts, very few, very small, prismatic, black. Groundmass: medium gray, 
aphanitic. 

Microscopic characters. — ^Holocrystalline, megaporphyritic, megaphyric and microphyric, 
dopatic. Megaphenocrysts: about 15 per cent, leudte, labradorite, orthodase, augite. Micro- 
phenocrysts: about 6 per cent, leudte. Groundmass: about 80 per cent, trachytic fabric; 
orthodase, labradorite, augite, nephelite, magnetite. 

Orthodase f OrjAbj. — Phenocrysts: about i per cent, 10 to 20 mm., subhedral, stout pris- 
matic. Groimdmass: about 50 per cent, 0.05 to 0.20 mm., anhedral, prismatic, arrangement 
subparallel. 

Labradorite, about Abz Ana. — Phenocrysts: 3 per cent, glomerophyric, clusters of anhedral, 
stout prisms, dusters 0.5 to 2.0mm. in diameter, commonly twinned. Groimdmass: about 
15 per cent, 0.05 to 0.20 mm., anhedral, prismatic, arrangement subparallel. 

Leucite. — Megaphenocrysts: 10 per cent, 5 to 20 mm., subhedral, mostly fragmentary, 
equant to irregular, few indusions, of augite and labradorite. Microphenocrysts: about 6 
per cent, o.i to 0.2 mm., anhedral, equant, indusions rare. 

Augite. — Phenocrysts: about 2 per cent, 0.5 to i.omm., anhedral to subhedral, pris- 
matic, pale greenish-gray, indusions few. Groundmass: about 4 per cent, 0.02 to 0.05 mm., 
anhedral, prismatic, colorless. 

Nephelite. — Groimdmass: about 6 per cent, anhedral, interstitial cement. 

Magnetite. — Groundmass: about 2 per cent, o. 01 to 0.02 mm., anhedral, equant. 

Analysis and norm as on p. 43. 

Type specimen from below castle, Proceno, northwest of Lake Bolsena, Vulsinian District. 

I. 6. 1. 3. Sabatinal Beemerose [Leuclte-Phooolite, Sabatino Type]. 

Megascopic characters, — Rocks of this type are very light gray and markedly 
porphyritic, showing rather numerous large phenocrysts of leucite, with many 
minute ones of augite. The leudte phenocrysts, which vary in diameter from 2 to 
10 mm., are usually anhedral and with irregular outlines, though they sometimes 
show crystal planes. In the type specimen they are slightly yellowish, but they may 
be normally considered as colorless. The small augites are stoutly prismatic, and 
very dark green or black. The ash-gray groundmass is quite aphanitic. 

Microscopic characters. — ^In thin section the large leucite phenocrysts show the 
twinned structure very well. The augite phenocrysts are subhedral, in stout prisms, 
of a rather deep olive-green, and with the optical characters of aegirite-augite. 

The groundmass is holocrystalline and shows a confused fabric, due to the 
diverse arrangement of the short, stout prisms of alkali-feldspar of which it is very 
largely composed. These are either twinned according to the Carlsbad law, or more 
often simple crystals, and lime-soda feldspar seems to be entirely wanting. There 
are also many small, round anhedraof leucite, which are not infrequently changed to 
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the so-called pseudoleudte, a mixture of orthoclase and nephelite. Small, mostly 
coloiiess haiiynes are seen here and there, with the customary dusty inclusions. 
Small prismatic anhedra of segirite-augite and grains of magnetite are present in 
very small amount, and crystals of apatite and titanite are still more rare. Acting 
as a cement for these b some nephelite, which is the last product of crystallization. 
Chemical composition. — ^An analysis of this type, published some years ago in 
incomplete form, is given in I below, with a number of additional determinations. 
Two of the few other analyses of beemerose rocks are also presented in n and m. 

Chemical Composiiian of Sabalinal Beemerose [Leucite-phonolite]. 
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As regards class, sabatinaLbeemerose lies toward the dosalanes, but is far from 
being transitional. In order and rang it is quite close to the center points, though 
the amount of lime is somewhat high. In the subrang it approaches the dopotassic 
border, though it can hardly be called transitional. 

Analyses of two other types of beemerose are given in II and III. In both of 
these the mode and texture diflFer widely from the Italian type. Though they 
resemble each other in being holocrystalline, coarse-grained, and more or less homo- 
metric, they not only belong to different types, but exhibit very distinct modes. Their 
analyses are of interest in this connection, not only as they represent a subrang the 
rocks of which are decidedly rare, but still more because these three form another 
excellent illustration of wide divergence in mode with great similarity in chemical 
composition. Comparison of the analyses of these three rocks and consideration 
of the varying modes will repay some study, but would lead us too far astray. 

Mode. — ^The mode was determined by measuring the leucite megaphenocrysts 
on the surfaces of a large hand specimen and by measuring the microphenocrysts 
and the constituents of the groundmass at two magnifications. It can not be checked 
satisfactorily by calculation from the norm, as two feldspars, orthoclase and albite, 
and the two lenads, leucite and nephelite, are present, and the exact amounts of these 
last can not be measured, owing to the texture. To distribute the silica, therefore, 
we would have four unknown quantities and but three equations. The amount of 
nephelite, and consequently that of orthoclase, as the two were measured together, are 
but rough approximations, but they can not be far from the truth. The calculated 
composition of the feldspar is that indicated by the molecules of potash and soda left 
over after using what were needed for leucite, nephelite, haiiyne, and some acmite. 
The amount of haiiyne, calculated as noselite from the SO3, is 1.13, so that in this 
case, as in the preceding, the estimation of this mineral is very satisfactory. The 
exact amount of aegirite-augite can not be calculated, as its composition is unknown, 
though an approximation may be arrived at by making assumptions as to its chemical 
composition. If the acmite present is calculated on the basis of the amount of norma- 
tive hematite, the total pyroxene would be about 10 per cent, which is undoubtedly 
much too high. The amounts of augite and magnetite as given in the mode are 
somewhat too high, owing to overlapping, but are probably not far wrong. 

Vol. %. Sp.gr. Wt.%. 

Soda-orthoclase, OfjAba 71.0 X 2.6 — 184.6 68.5 

Leucite 14.4 X 2.5 — 36.0 13.4 

Nephelite 4.9 X 2.5^ 12.7 4.7 

Haiiyne i X 2.4 — 2.6 i.o 

^girite-augite 6.2 X 3.4 — 21. i 7.8 

Magnetite 2.4 X5. 2— 12.5 4.6 

100. o 269.5 100. o 

Comparing the mode with the norm, it is clear that the chief and only impor- 
tant points of difference are in the modal presence of leucite, this being accom- 
panied by decrease in the amounts of orthoclase and nephelite as compared with 
the norm. The type therefore may be described as leucite-salphyro-beemerose. 
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Occurrefice. — ^This typ>e is found only in the Sabatinian District, so far as is 
known with certainty. The most prominent locality is a massive flow on the north- 
west shore of Lake Bracdano, below Poggio Muratella, the lava being derived, 
according to Modemi, from the cone of Poggio Tondo to the northwest. The type 
also forms blocks in bedded tuffs in the railroad cut about 2 km. southeast of Oriolo 
station, which are probably from the same cone. Another excellent locality is on 
the north shore of Lake Bracdano, just west of Vicarello, at the end of a large lava 
stream from the cone of Monte Levo. 

A rock which may be provisionally referred to this type occurs near Acqua- 
pendente (espedally at a quarry at the east gate), north of Lake Bolsena, in the 
Vulsinian District. No analysis has yet been made of this, and although it is 
certain that it falls in the same dass, order, and rang as beemerose, it is possibly in 
the dopotassic subrang, which is as yet unrepresented. From the descriptions of 
Bucca and Klein it is possible that rocks bdonging to the same subrang, or that of 
beemerose and of the same or similar type, occur elsewhere in the district, espedally 
in the northwest, around the Latera Volcano. 

Name. — ^The name of the subrang is derived from the locality, Beemerville, 
near y^bidti a well-known type occurs. That of the type is derived from that of 
the district where it occurs. 

In the prevailing systems of classification these rocks would be called dther 
leudte-tiachyte or leudte-phonolite, according to 2Srkel, or leudte-phonolite or leu- 
dtoph3n:e, according to Rosenbusch, as one does not or does lay stress on the pres- 
ence of nephelite. In a previous paper I used the name leudte-phonolite in the sense 
of ZArkeL, as the presence of nephelite and haiiyne, even in rather small amount, 
seemed to be of suffident importance to distinguish these rocks from other similar 
ones of the region which are free from these lenic minerals. 

5ABATINAL BBEMEROSB. I. 6. 1. 3. 

Megascopic characters, — ^Very light gray, compact, porphyritic. Leucite phenocrysts 
common, not well shaped, from a to 10 mm., often 3rellowi8h and waxy luster, very few inclu- 
sions. Some augite phenocT3rsts, about i mm. long, black. Groundmass: light gray, aphanitic. 
Specific gravity a. 551 at 10^ C. 

Microscopic characters, — Holocrystalline, megaporphyritic, dopatic. Phenocrysts: about 
za per cent, leucite, acgirite-augite. Groundmass: about 88 per cent, confused, h3rpautomorphic 
granular fabric, soda-orthoclase, leudte, haiiyne, nephelite, segirite-augite, magnetite, apatite, 
titanite. 

Soda-orthoclase, OrjAba. — ^Phenociysts: none. Groundmass: about 70 per cent, o.a to 
0.4 mm., subhedral, stout prisms, arrangement diverse. 

Leucite, — ^Phenocrysts: about 10 per cent, a to 10 mm., subhedral to anhedral, equant to 
irregular, twinning common, inclusions of augite and groundmass rare. Groundmass: about 5 
per cent, 0.05 to o. 10 mm., anhedral, equant, few inclusions, sometimes altered to pseudoleucite. 

jEgirite-augite, — ^Phenocrysts: about a per cent, 0.5 to i.omm., subhedral, stout pris- 
matic, olive-green, pleochroic. Groundmass: about 5 per cent, o.oa to 0.05 mm., anhedral, 
prismatic, light olive-green. 

Nephelite. — Groundmass: about 5 per cent, anhedral, cement about the other minerals 
of the groundmass. 
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JETaA^iM.— Groundmass, about i per cent, o. i to 0.3 mm., suUiedral to anhednl, equant 
to irregular, colorless or blue, dusty inclusioiis. 

Magneiiie. — Groundmass: about 3 per cent, 0.03 mm., anhedral, equant 

Apatite and titanite. — Groundmass: less than i per cent, very small, subhedral, usual forms. 

Chemical composition as on p. 47. 

Type specimen from below Poggio Muratella, northwest shore of Lake Bracdano, Saba- 
tinian District 

IM. 7. 1. 3. Tavolatal Jaiieirose-A|iplaiiase [Leucite-Teplirite, Tavolato Type, 

Tavolatite]. 

Megascopic characters. — Rocks of this type are light gray and very coarsely 
porphyritic. Large white or very pale-gray leudte phenocrysts are quite abundant 
These vary in size from 10 to 30 mm., are for the most part euhedral with well- 
formed crystal planes, though often in fragments, and carry few evident inclusions. 
Small blue specks of haiiyne and fewer small black prisms of augite are numerous, 
and an occasional yellow grain of garnet is visible. The groundmass b li^t gray 
and quite aphanitic 

Microscopic characters. — ^The large leudte phenocrysts o£fer few features of 
spedal interest in the thin sections. They show the usual twinned structure, and 
carry only a few indusions of blue haiiyne and less often of augite. The haiiynes 
are sometimes euhedral in cubes and dodecahedra, but more often are "corroded" 
deeply and irregularly. They are of a rather pale blue color and are often very 
dusty with the common minute indusions, which are sometimes arranged in strai^t 
lines, parallel to the crystal faces and crossing each other reticulatdy, and again are 
irregularly scattered through the crystal and not zonally arranged. The small 
augite phenocrysts, which form anhedral stout prismoids, are usually of a deep 
brownish-green, somewhat pleochroic, and evidently contain some of the aegirite 
molecule. 

Small, round, anhedral microphenocrysts of leudte are very abundant in the 
groundmass, thdr outlines being rather ill-defined in the surrounding cement. Small 
microphenocrysts of feldspar are rare, in the form of anhedral, stout prismoids. 
These are partly of orthodase and somewhat less frequently of soda-lime feldspar, 
which varies in composition from labradorite, AbxAna,to anorthite. There are also 
a few small brown garnets, generaUy in well-formed crystals, which frequently show 
a zonal structure, and an occasional small brown biotite table is seen. 

The micro-groundmass in which these lie contains many very small, slender 
fddspar prismoids, with a diverse arrangement, and which are in part orthodase 
and to a much less extent labradorite. With these are small prismatic anhedra of 
the green aegirite-augite. These are cemented by a colorless, feebly doubly refract- 
ing substance, which is undoubtedly nephelite. It is noteworthy that magnetite 
was wholly absent from the spedmen analyzed and described. Glass is mentioned 
by Struever and others as repladng the nephelite base, but none of the spedmens 
which I coUected contain it. 
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Chemical composition. — ^For the analysis of tavolatal appianose a whole hand 
specimen was crushed and sampled, so as to obtain representative material without 
an undue amoimt of groundmass. The analysis is remarkable for the very high 
potash, which is exceeded only by that in some of the analyses of orendose from 
Wyoming. The analysis by Aichino of the same rock varies widely from mine in 
many important particulars. It was probably made on unrepresentative material, 
containing relatively too much groundmass. This, however, would not account 
for the inverse ratio of the alkalis as compared with I, and as the microscopic 
examination shows that potash is present in greater amount than the soda (even in the 
groundmass), it would seem to be possible that the figures for the alkalis in n have 
been accidentally interchanged, as has happened in other cases. The other discrep- 
ancies of note are also difficult to account for, and the analysis can not be regarded 
as very trustworthy. 
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•Indudes also o. 17 F and trace of LijO. 

I. Tavolatal janeirose-appianose [haflynitic leudte-tephrite]. Osteria di Tavolato, Appian 

Way, Latian District Washington, analyst 
n. Tavolatal appianose [haQynitic leudte-trahrite]. Same locality. Aichino, analyst. Sabadni, 

Mem. Descr. Cart. Geol. Ital.y A, 1900, p. 164. 
m. Grano>appianose [foyaite]. J. M. Henry No. 2, near Chamberlain Creek, Magnet Cove, 

Arkansas. Washington, analyst Jour. Geol., IX, 190Z, p. 667. 
IV. Beaveral janeirose [Icucite-tinguaite]. Beaver Creek, Bearpaw Mountains, Montana. 

Stokes, anatyst. Weed and Pirsson, Am. Jour. Set., II, 1896, p. 196. 
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The magmatic position of the tavolatal appianose is distinctly transitional as 
regards class, the ratio of sal to fem being ahnost exactly on the border between per- 
salane and dosalane. The magma consequently is a janeirose-appianose. The 
similarity to an analysis of a typical janeirose rock is shown by comparison of I and 
IV, the chief divergencies being in the alkalis. It will be seen on reference to the 
norms of the two that the dosalic position of the latter rock is brought about by the 
presence of acmite, both normative and modal, while in the Italian rock this mineral 
does not occur normatively, and only to a subordinate extent modally. As regards 
order, rang, and subrang, it need only be said that the tavolatal appianose is well 
within the respective limits of these divisions. 

The only other analysis yet known of an appianose rock is one from Magnet 
Cove, shown in HI, which is non-leucitic, the only lenad present being nephdite. 
As the alkalis show, this latter rock is quite close to the dosodic subrang laugenose. 

Mode. — Owing to the small size and confused arrangement of the groundmass 
constituents and the presence of the ill-defined cement, an exact estimation of the 
mode by Rosiwal's method was almost impossible, though it was practicable for 
some of the constituents, as the phenocrysts of leucite, labradorite, haiiyne, aegirite- 
augite, and melanite. The complexity of the mineral composition also precluded 
an exact calculation from the norm. By assuming that the composition of the 
pyroxene was that of the aegirite-augite of Elfdalen, and that those of the haiiyne 
and melanite were represented by well-known analyses of these minerab from the 
Alban Hills, and checking the calculations by the microscopic observations, the 
following mode was estimated. That it is approximately correct is shown by a com- 
parison of the chemical composition recalculated from this with that obtained by 
chemical analysis. The agreement is seen to be as satisfactory as could have been 
expected when dealing with such a complex rock. 



Orthoclase 19 . 2 

Labradorite, Abi Ana 7 • o 

Leucite 37.0 

Nephelite 11. 7 

Haiiyne 10. o 



iEgirite-augite 11. 5 
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Biotite 1.3 

Apatite 0.3 



100. o 



PETROGRAPHY. 



53 





I. 


II. 




I. 


II. 


SiOa 


21.7 
2.4 

1:1 

4.0 
5.1 


So-3 
21.4 
1.8 
1.8 
03 
45 
5.2 


KaO 


II. 8 
1.2 
0.1 
1.2 
0.1 


"•3 
0.6 


AlaO, 


TiO, 

P.Os 


Fe.Ot 


0. 1 


FeO 


SO3 

CI 


1. 1 


MkO 


0. 2 


CaO 






NaaO 


100. 1 


98.6 







I. Calculated from the mode. II. Determined by chemical analysis. 

Comparison of this mode with the norm shows that, while the divergencies are 
considerable, the readjustments affect all of the normative molecules and are well 
distributed. The readjustments of most moment are the formation of the haiiyne 
from normative nephelite, brought about by the normative thenardite and halite, 
and the large increase in the amount of leudte, chiefly brought about by the change 
of some of the normative nephelite to modal albite in the labradorite. Readjust- 
ments of subsidiary importance are those involved in the formation of the aegirite- 
augite and melanite, the latter being the most striking varietal mineral, as the pres- 
ence of some modal acmite molecules are to be expected in sodipotassic rocks of this 
region. Taking all these into consideration, as well as the fact that the pheno- 
crysts are of the lenads leucite and haiiyne, we may describe the Tavolato blocks as 
melanitic haiiyne-lenphyro-janeirose-appianose, a rather imgainly nomenclatorial 
product, which the shorter tavolatal appianose replaces advantageously. 

Occurrence. — ^This type is represented only in the Latian District, and here but 
sparingly. The best-known locality is that near the Osteria di Tavolato, on the 
Via Appia Nuova, about 5 km. from Rome, where it is foimd as blocks in an agglom- 
erate of volcanic material, along with rocks belonging to the types and subrangs 
which are more common in the district. The provenience of these Tavolato blocks 
is, as yet, uncertain, although they are undoubtedly derived from the Albano Vol- 
cano. Closely similar types have been described by Struever and Sabatini from 
elsewhere in the district, as near the Lago di Nemi. 

Name. — ^The name of the subrang is derived from that of the old Roman high- 
way, the Via Appia, near which the type occurs. The type adjective is derived 
from the oldest and best-known locality named above. 

In the prevailing classifications this type is constantly called a leucite-tephrite, 
of the phonolithoid Typus according to Rosenbusch. But the classification of these 
rocks as tephrites is scarcely justified by the mode described above, by which it is seen 
that the rock contains only about 7 per cent of plagioclase, but about 19 of orthoclase 
and 12 of nephelite, and this subordinate position of the lime-soda feldspar is more 
or less clearly evident in the descriptions published by others. Disregarding this 
mineral, then, and taking into consideration the very notable amounts of the lenads 
nephelite and haiiyne, the type should be called a haiiynitic leucite-phonolite in the 
sense of 21irkel, or a leudtophyr of Rosenbiisch. The remarkable chemical com- 
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position of this type, its peculiar mode or mineral composition, the abundance of 
hailyne, and the very large size of the leudte phenocrysts distinguish it dearly from 
nearly all other leudte-phonolites, and in the prevailing dassifications it would seem 
to be deserving of a distinct name, for which that of tavoUUUe might be chosen. 

TAVOLATAL JANEIRO SB-APPIANOSB. IM. 7. 1. 3. 

Megascopic characters, — Light gray, compact, highly porphyritic. Leudte phenocrysts 
numerous, large, lo to 30 mm., well crystallized, but often fragmentary, few inclusions. HaUyne 
phenocrysts numerous but very small, up to z nun., blue. Augite phenocrysts few and small, 
black. Garnet phenocrysts very rare and small, yellow. Groundmass: light gray, phanero- 
crystalline, very fine-grained. 

Microscopic characters. — ^Holocrystalline, porphyritic, dopatic. Megaphenocrysts: about 30 
per cent, leudte, haiiyne, segirite-augite, garnet Microphenocrysts: about 55 per cent, leucite, 
orthoclase^ haiiyne, labradorite, segirite-augite, garnet Microgroundmass, about 25 per cent, 
nephelite, orthoclase ? 

Leucite. — Megaphenocrysts: about 15 per cent, 10 to 30 nun., euhedral to subhedral, 
often fragmentary, equant, twinned, indusions few, of haiiyne and augite. Microphenocrysts: 
about 20 per cent, o. i to 0.3 nun., anhedral, equant and irregular, often not well defined, few 
indusions. 

Orthoclase, — ^Microphenocrysts, about 30 per cent, 0.05 to 0.50 mm., anhedral to sub- 
hedral, stout prismatic, arrangement diverse. Microgroundmass: about 5 per cent possibly 
present as cement. 

Nephelite, — Groundmass: about la per cent, interstitial cement 

HaUyne, — ^Megaphenocrysts: about 8 per cent, 0.5 to i.onmi., euhedral and anhedral, 
equant and irregular, often deeply corroded, usually blue, many dusty indusions. Microphen- 
ocrysts: about 5 per cent, 0.05 to 0.5 mm,, same characters as megaphenocrysts except size. 

Labradorite, Abi^t. — ^Phenocrysts: about 7 per cent, 0.05 to 0.50 mm., anhedral, stout 
prismatic, multiple twinning constant. 

jEgirite-augite, — ^Megaphenocrysts: about 5 per cent; microphenocrysts: about 6 per 
centi 0.05 to 2.0 nun., anhedral to subhedral, stout prismatic, brownish-green, pleochroic. 

Garnet, — Phenocrysts: about 2 per cent, 0.2 to 2.0 nun., subhedral, equant, brown, often 
zonal. 

Biotite. —Phenocrysts: about i per cent, subhedral, tabular, brown. 

Chemical composition, norm, aud mode as above. 

Type specimen itom Osteria di Tavolato, Via Appia Nuova, Latian District 

II. 4. 3. 3. Sorianal Harzose [Biotite-Latlte, Soriano Type]. 

The rocks of this type occur in the Roman Region in two distinct forms, the 
one a compact lava, the other a flow-breccia. Although the two seem, at first sight, 
to be quite distinct, they may both be considered to be of the same petrographic 
type, the differences between them being differences of consolidation merely, due 
to the viscosity of the material and slightly varying accidental conditions during 
extrusion. For this reason they will be considered together, though the field and 
microscopic characters of each will be described separately. 

Megascopic characters — Lava farm: These rocks are very dark, compact and 
highly porphyritic Small tabular phenocrysts of feldspar are abundant, making 
up about one-quarter of the rock volume. With them are many, but less numer- 
ous, small, glistening, dark tables of biotite and prisms of pyroxene. These lie 
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scattered through a very dark, sometimes ahnost black, entirely aphanitic ground* 
mass, which may appear hyaline at times. 

Breccia farm: This form of the type is much lighter and somewhat variable 
in color, light gray in the freshest specimens, and yellowish to reddish in those which 
are weathered. The hand specimens usually show a somewhat streaked or schlieric 
appearance, due to lines and patches of darker and lighter gray, or grays and yeUows. 
In some places these streaks have a generally parallel and horizontal arrangement, 
with the biotite tables mostly horizontal, simulating a sort of bedded or flow structiure. 
The rocks are quite rough and soft and rather friable when first quarried, but harden 
on exposure. They are highly porphyritic, containing niunerous small white pris- 
moids of feldspar, many small glistening tables of biotite, and some prisms of pyr- 
oxene. The aphanitic groundmass is either gray or somewhat yellowish or reddish. 

Microscopic characters — Lava form: The feldspar phenocrysts are seen in thin 
section to be of both orthoclase and labradorite, the former being more numerous. 
They are usually twinned and do not carry many inclusions. There are few small 
anhedral or fragmentary prismoids of a colorless or very pale-gray pryoxene, some 
of which is augite, but the greater part of which is hypersthene. Biotite tables are 
abundant, more so than would appear to be the case from the megascopic examina- 
tion. They are from i to 2 mm. across, and are almost uniformly altered, the larger 
ones on the edges and the smaller ones throughout, to a dark, finely granular aggre- 
gate. The groundmass in which these lie, forming about 70 per cent of the rock, is 
a colorless glass, thickly sprinkled with very minute prismoids of pyroxene, appar- 
ently hypersthene, some small feldspar laths, but no magnetite grains. With low 
powers this glass and its cr3rstab show evidence of flow around the phenocrysts. No 
quartz was seen in any of my specimens. 

Breccia form: The feldspar phenocrysts here also are of both orthoclase and 
labradorite, the former more abundant, but they are for the most part angular and 
decidedly fragmentary, few showing well-defined prismatic or tabular shapes. There 
are the same phenocrysts of colorless augite and hypersthene, but these are also much 
more broken than in the preceding form. The nimierous biotite tables are similar 
to those in the lava and have suffered much less deformation and rupture. The 
cement between these is either a dusty, rather indeterminate but evidently vitreous 
mass, or a colorless glass which contains many minute fragments and anhedra of 
the minerals mentioned above. In either case the cement exhibits a well-marked 
flow structure around the larger crystal fragments. 

There has been much discussion as to the character of this rock, called locally 
"peperino," opinions being divided as to whether it is a tuff or a lava. In a previous 
paper I considered it a tuff, though somewhat doubtfully. But examination of the 
specimens coUected since the earlier publication would show that these rocks are, 
for the most part at least, not tuffs, but lava-brecdas or flow-brecdas, that is, lavas 
which had partially crystallized and solidified during eruption, but which the still 
moving, very viscous flow shattered and brecdated, this fluid portion forming on 
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solidification the glassy cement This view of their origin is that held by Doctor 
Cross and Professor Iddings, who very kindly examined my specimens and remarked 
on their similarity to the numerous flow-brecdas of the Western States, with which 
they are very familiar. This explanation of their texture agrees with the observed 
occurrences in the field, where they appear for the most part to be flows rather tlian 
bedded tuffs, and yet have left unaltered the subjacent rocks, and it harmonizes the 
divergent views as to their origin. 

Chemical compositum, — A specimen of the breccia variant was chosen for anal- 
ysis, rather than one of the lava, as it is locally far the more important. The analysis 
calls for no special comment, except that it indicates that the rock is quite fresh. 
The magmatic position of the rock is not very dose to the center point of any of the 
divisions, as is evident from the ratios given, except in the case of the subrang, where 
the alkalis are almost equal. The analysis by Ricdardi of a dosely similar rock, 
though transitional between the typical peperino and that with large feldspars 
according to Mercalli, is given for comparison, and the general resemblance is rather 
dose. It must be remarked, however, that the figures in Ricdardi's analyses are 
often open to doubt as to thdr accuracy, in many cases demonstrably widdy 
inaccurate, so that the analysis is of little value. For this reason the norm was not 
calculated. 

Chemical ComposiUm of Sorianal Hanose [Biolite-latiie]. 
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I. Sorianal harzose breccia [biotite-latite]. La Cava, near Viterbo, Ciminian District. H. S. 

Washington, analyst. 
II. Peperino. Bagnaia, near Viterbo, Ciminian District L. Ricciardi, analyst. Cf. Mer- 
calli, Mem. Ace. Line,., XX, 1903, p. 12. 
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Mode. — As the mode is indeterminate, through the presence of abundant glass, 

discussion of it is imcalled for. Were the rock holocrystalline, however, with the 

same minerab present as shown in this form, its mode would probably be roughly 

something like this: 

Quartz 14 

Orthoclase, Or4Ab5 37 

Labradorite, AbiAna 25 

Biotite 13 

Augite and hypersthene 6 

Ores 5 

100 

Occurrence, — Sorianal harzose was found only in the Ciminian District, around 
the Cimino Volcano, where the lava form occurs as flows and as blocks in the tuffs 
at many places. Among the localities where I obtained typical specimens may be 
mentioned flows from Monte Ciliano, along the highway northwest of Soriano, and 
at Le Piaggie, about 3 km. southwest of Soriano, as well as in the ravine near Bag- 
naia, where it occurs as blocks (sometimes reddened through weathering) in the 
lower tuffs. 

The breccia form of sorianal harzose (peperino) is met with in abundance 
around the Cimino Volcano, especiaUy on the west, north, and northeast, and it 
forms much of the lower slopes of the hills. So abundant is it that eniuneration of 
special localities is superfluous, and the only ones that need be named are the quarry 
of L. Mercati, at La Cava, near \^terbo, from which the analyzed specimen was 
obtained, and the vidnity of Bagnaia. 

Name. — ^The derivation of the subrang name has been discussed elsewhere. 
That of the type is derived from the town of Soriano, near which it is very abundant. 

In prevailing classifications there has been considerable diversity as to the 
name of these rocks. The lava form has been called a trachyte by vom Rath, an 
andesitic trachyte or tiachy-andesite by Mercalli, and a mica-andesite by Deecke. 
Consideration of the mode, which shows almost equal amounts of alkali and soda- 
lime feldspar, would seem to render Ransome's term ''latite" suitable, especially as 
the free silica has not crystallized out as quartz. As the prominent alf erric mineral 
is biotite it may be classed, then, as biotite-latite. 

The diversity of opinion as to the origin of the breccia form has already been 
touched on. The rocks known locally as peperino, and called by Brocchi necrolite, 
on account of their use by the Etruscans for sarcophagi, embrace two distinct types. 
The one is the pipSrile des hatUeurs of Sabatini and the trachUe-andesUico d grossi 
sanidini of Mercalli, which is the earliest product of eruption and forms the nucleus 
of the Cimino Volcano. This peperino apparently belongs to the subrang vulsinose 
and is sometimes a lava, sometimes a flow-brecda, and sometimes a tuff. The other 
is the pSpSrite typique of Sabatini and the trachiU-andesUico d piccoli fdspati of 
Mercalli, which overlies the other, and which is apparently earlier than the flows of 
dminose to be described presently. This peperino is the brecda form of sorianal 
harzose, and might be called in the prevailing nomenclature a biotite-latite breccia. 



S8 THE ROMAN COMAGMATIC REGION. 

80RIANAL HARZ05B.* 

Megascopic characters, — ^Dark gray, compact, highly porphyritic. Feldspar phenocxysts 
abundant, 2 to 5 mm., tabtilar, colorless or white. Phenocrysts of biotite conunon, small, glisten- 
ing, dark-brown tables. Phenocrysts of pyroxene rare, small prismatic, black. Groundmass 
dark gray, aphanitic, sometimes vitreous looking. 

Microscopic characters, — ^Hyalocrystalline, megaporphyritic, mediophyric. Phenocrysts: 
about 40 per cent, orthoclase, labradorite, biotite, hypersthene, augite. Groundmass: about 
60 per cent, glass with microlites of hypersthene and feldspar. Flow structure visible. 

Orthoclase^ Or4Ab3 ?. — Phenocrysts: about 20 per cent, 2 to 5 mm., tabular or stout pris- 
matic, subhedral to euhedral, Carlsbad twinning. Groundmass: small indeterminable amounts 
o.oi to 0.03 mm., prismatic, scattered in flow structure through the glass base. 

Labradorite J AbjAna. — ^Phenocrysts: about 7 per cent. 2 to 5 mm., euhedral to subhedral, 
tabular or stout prismatic, multiply twinned. 

Biotite, — ^Phenocrysts: about 10 per cent, 0.05 to 0.5 mm., subhedral, thin tabular, 
brown, much altered. 

Hypersthene, — ^Phenocrysts: about 4 per cent, o. i to i . o mm., subhedral to anhedral, pris- 
matic to irregular, often fragmentary, colorless. Groundmass: very small, indeterminable amount, 
o.oi to 0.03 mm., anhedral prismatic, scattered with flow structure through the g^ass base. 

Augite, — ^Phenocrysts: about 2 per cent, o.i to i.omm., subhedral to anhedral, stout 
prismatic or fragmentary, colorless. Groundmass: augite may be present in very small amount, 
as minute prisms along with hypersthene in the glass base. 

Glass, — Nearly 60 per cent, colorless, often dusty, contains the small microlites described 
above, flow structure common. 

Chemical composition and norm as on p. 56. Mode indeterminate. 

T3rpe specimens from Monte Ciliano, Soriano Volcano, Ciminian District. T3rpe speci- 
men of breccia form from La Cava, near Viterbo, Ciminian District. 

I-II. 5. 2. 2. Anal Vulslnose-Cimlnose [Vulslnlte, Ano Type]. 

Megascopic characters, — ^These rocks are light gray when fresh, but weather 
to reddish tones, especially in the groundmass. They are decidedly porphyritic, 
the phenocrysts being quite large and making up rather over one-eighth of the rock 
mass. The great majority of these, as well as the largest, are of feldspar, which are 
mostly tabular parallel to h (010) and from 5 to 10 mm. long. There are also few 
smaU, black, prismatic phenocrysts of augite, and still more rare small tables of 
biotite. The light-gray groundmass is clearly phanerocrystalline and fine-grained. 

Microscopic characters. — ^In thin section the phenocrysts of alkali feldspar are 
seen to be more common than those of the lime-soda feldspar. The former do not 
show usually the common characteristics of soda-orthoclase; though the analysis 
of the rock indicates that they are quite sodic, while the latter give extinction angles 
corresponding to an average composition of Ab, An,. Carkbad twinning is common 
among the former and the usual multiple twinning among the latter. The feld- 
spars carry few inclusions, mostly of augite and glass, and the orthoclase phenocrysts 
also inclose occasionaUy small inclusions of labradorite. The augite phenocrysts 
are subhedral to anhedral, in stout prisms or fragmentary, of the usual pale gray, 
sometimes with a slightly greenish tinge, though never pleochroic. The thin tables 
of biotite are light brown and for the most part altered at the edges to the com- 
mon aggregate. 

* This desoipdon applies to the lava form of the type, as the brecda form was not readily measured, and its 
brecdated condition also does not make a formal description necessary. 
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The groundmass is composed in great part of small prisms of feldspar, both of 
orthoclase and labradorite, the quantity of the former exceeding by several times 
that of the latter. The arrangement of these laths is subparallel, giving rise to a 
well-marked tiachytic fabric There are scattered through the groundmass small 
prismoidal anhedra of coloiiess augite and some small anhedral grains of magnetite. 
Between the feldspar laths is a little nephelite cement. This is difficult to detect, 
but one or two crystal forms were seen, and its presence was verified by treatment 
of the rock powder with very dilute acid which furnished some gelatinous silica. 

Chemical composition. — ^The only analysis made of this type was published 
some years ago and is presented below in more complete form, determinations of 
TiOa and PaOj having been made recently. With it is given for comparison an 
analysis of the bolsenal vulsinose [vulsinite] from Bolsena. 





Chemical ComposUion of Arsal Vulsinose-ciminose [VulsinUel, 
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I. Aisal yulsinose-dminose [vulsinite]. Near Vetralla, Monte Mco, Ciminian District. 

ington, analyst Jour. Geol.^ IV, X&96, p. 849. 
II. Bolsenal vulsinose [vulsinite]. Bolsena, Vulsinian Dbtrict. 
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From the figures given above it is clear that this type falls well within the perfelic 
order, the domalkalic rang, and the dopotassic subrang. On the other hand, it is 
almost exactly on the border line of the persalane class, where it was formerly* con- 
sidered to belong. The change in its position is due to the recent determination of 
TiOa and PaOj, which were not reported in the original analysis, and which just 

* H. S. WaaUngton, Pral. Paper U. S. GcoL Sorr. No. Z4, S909, pp. iga. 199. 
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add sufficiently to the femic minerals to carry the rock across the line. This is one 
of several instances of the same kind which occurred in the present investigation. 

This transitional character is also shown by the very close correspondence 
between the analysis of the dminose and that of the bolsenal vulsinose given in IL 
The difference in position is due partly to the slightly higher FeO and MgO of II, 
as well as to its lower silica and higher alkalis. The two former involved the pres- 
ence of an absolutely greater amount of normative femic minerab, while the two 
latter necessitated the formation of a considerable amount of nephelite from some 
of the soda, and thus reduced notably the relative amount of salic minerals. 

While the effect of such a shifting of the dassificatory position through the 
influence of very small amounts of minor chemical constituents may seem to be a 
serious defect in the system of dassiflcation, it is in fact not so. For rocks whose 
position can be thus changed are transitional in character, and in the nomenclature 
the change is simply one corresponding to the present case, from dminose-vulsinose 
to vulsinose-dminose, and it is a matter of very slight moment in which of the two 
contiguous divisions the rocks strictly belong. 

In the present case it is quite certain that some of the rocks of the region, which 
will be mentioned later, fall in vulsinose rather than in dminose, so that they bdong 
to dminose-vulsinose, or are even possibly so far from the border as to be well within 
vulsinose itself and not properly transitionaL But no analyses of these were made 
and it was not thought advisable or suffidently important to erect these at present 
into distinct types. 

Mode. — ^The calculation of the mode from the norm is comparatively simple. 
For the augite the composition of that from Ticchiena (c/. p. 134) was assumed, 
for the small amount of biotite, a mixture in equal parts of leudte and olivine. 
After assigning suffident Na^O to form albite in the proportion toward the anorthite 
demanded by the average composition AbxAn^, the rest was distributed between 
albite (which enters into the alkali-fddspar) and nephelite, as there was insuffident 
silica to form the pol3rsilicate molecule with all of it. In determining the mode 
by the microscope it was found to be impossible to distinguish accuratdy between 
the small laths of orthoclase and labradorite, as well as between these and the 
interstitial nephelite, so that the total amount of these is given. 
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It is seen that the two methods yield very concordant results in this case, the 
error due to overlapping not being serious. Of the two the calculated mode must 
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be regarded as the more reliable, both on the score of freedom from this error and 
on that of completeness. 

Compared with the norm the only divergence of note is that involved in the 
formation of biotite, which takes up the nonnative olivine (used as the basis for cal- 
culating the biotite) and a little of the orthoclase, as well as the transfer of a very 
small portion of the normative anorthite and magnetite to form the augite. But 
these readjustments are of slight importance and their effect is negligible, so that 
the mode may be considered normative and the rock may be described as normative 
salphyro-vulsinose-ciminose. 

Occurrence. — ^Typical arsal vulsinose-ciminose is met with especially in the 
Ciminian District, to the west and southwest of Monte Vico, where it forms extensive 
flows. The most prominent localities are in the neighborhood of Vetralla and San 
Giovanni di Bieda, where it is quarried extensively. It is also probable that the 
type occurs in the northern part of the Vulsinian District and possibly in the Aurun- 
can, but of this there can be no certainty in the absence of specimens and the meager- 
ness of the published descriptions. 

Rocks which belong rather to ciminose-vulsinose or to vulsinose, and of this 
type, are abundant about the Cimino Volcano in the C^piinian District, as at Monte 
Pallanzana and Monte Valentino, where they form sometimes lava flows, some- 
times flow-brecdas, and again tuffs. These are the pipirite des hauteurs of Sabatini 
and the ^rachite-andesUico d grossi sanidini of Mercalli, already mentioned in connec- 
tion with sorianal harzose. In these rocks the orthodase phenocrysts sometimes 
attain a large size, up to 5 cm. in length. The flow from the Vico Volcano at Massa 
di San Sisto, southwest of Viterbo, in the Ciminian District, and flows near San 
Lorenzo in the northern part of the Vulsinian District, also seem to belong in vul- 
sinose rather than in dminose. As the spedmens of these were not very fresh no 
analyses of them were made. 

Name, — The subrang name, dminose, like the older ciminite, is derived from 
that of the Ciminian District in which this magma is very common. The type 
name, arsal, is derived from the flow of L'Arso, on the island of Ischia, as the mode 
and texture and the habit of the rocks described above much resemble those of the 
arsal monzonose from the Campanian locality. At the same time, it must be said 
that the Arso rock differs from those from the Ciminian and Vulsinian Districts in 
the greater conspicuousness of the feldspar phenocrysts as well as in the presence 
of accessory olivine phenocrysts. On this account it might be well to distinguish 
between them and erect two types instead of one, restricting the term "arsal" to 
rocks identical with the Arso lava and calling those with less conspicuous feldspars 
and with very small amounts of biotite and no olivine, vetrallal dminose, vulsinose, 
or monzonose, as the case may be. But it would seem unwise at the present time to 
increase the already large number of types described here, and the recognition of 
such rather unimportant differences may well be left to the future if it be then deemed 
advisable. 

As regards the position of the type in the prevailing systems of classification, 
the remarks in connection with bolsenal vulsinose (p. 33) will apply here. Placed 
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show some crystal planes, or are subhedraL Twinning is common, but is not very 
marked, and in most specimens the phenocrysts of both feldspars are about equal 
in amount Small, subhedral, often fragmentary phenocrysts of augite are rather 
more abundant, and are almost wholly colorless, only the larger ones showing a 
faint greenish tinge. The somewhat less numerous olivine phenocrysts are like- 
wise small and subhedral, most of them having the customary oystal planes. They 
are much less fractured than the augites and occasionally are euhedral. In thin 
section they are colorless, but often have a thin outer border of yellow or brown 
substance, which is probably iddingsite. 

The groundmass is typically holocrystalline and the fabric a felted one, due to 
the diverse arrangement of the feldspar laths. It is made up in great part of very 
small laths of feldspar, those of orthoclase more numerous than those of labrador- 
ite, with small prismoids of augite and grains of magnetite. These are scattered 
without definite arrangement, giving rise to the felted fabric, through a colorless 
cement, which usually shows somewhat faint birefringence and is referred to ortho- 
clase. In a few specimens this is replaced by a colorless glass, the amount of which 
is always negligible, and it is often a matter of difficulty to decide with finality on 
the holocrystalline character of such groundmasses. In rare cases, as in a flow 
south of Soriano, the fddspathic cement presents an ill-defined poikilitic texture, 
irregular and vaguely bounded areas extinguishing simultaneously. 

Chemical composUion. — Of fiescolal dminose two analyses are available, both of 
which have been published previously. As given below they include recent deter- 
minations of P3O5 and also a redetermination of TiOa in I, with proper corrections 
of the figures for Al^Oj. It must be noted that the original analysis of this type* 
was incorrect as r^ards alumina and magnesia, as was pointed out in a later pub- 
lication,! and is therefore to be rejected and replaced by that given here. 
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I. Fiescolal ciminose [dminite]. Fontana Fiescoli, Cimino Volcano, Ciminian District 

Washington, analyst. Am, J our, Sci,, DC, 1900, p. 44. 
II. Fiescolal dminose [dminite]. La Colonetta, Cimino Volcano, Ciminian District Wash- 
ington, analyst Am. Jour, Sci,, IX, 1900, p. 44. 

* Jpm. Gtol,, IV, 1896, p. 837. ti4iii. Jom, Sei^ IX, xgoo, p. 45. 
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Norms. 

I. U. 

Q none 0.30 0.30 
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The very close similarity of the two analyses is striking, all the respective figures 
being almost close enough to be satisfactory duplicates, except in the case of sUica, 
which is higher by 2 per cent in 11 than in I. In this connection it must be said that 
the specimen of this rock differs from the other in containing a very small amount 
of glass, instead of being holocrystalline as is the rock from Fontana di Fiescoli. 
Corresponding to this chemical difference the norm of II shows not only none of 
the abundant olivine of I, but hypersthene in its .stead and even a trifling excess 
of silica which appears as normative quartz. 

As regards the classificatory positions of the rocks little need be said. They 
are much alike and fall well within the boundaries of the several divisions, except 
that II is rather close to the border of salfemane and might strictly be regarded as 
transitional, that is, belonging to the magma prowersose-ciminose, though this 
refinement seems to be scarcely advisable. This difference in position is, of course^ 
connected with the presence of hypersthene in the norm of II rather than olivine^ 
and is a consequence of its higher silica. 

Mode. — As one of the rocks analyzed is holocrystalline and the other contains 
a small amount of glass, and as their norms also differ somewhat, the modes of the 
two were determined separately. On account of the very fine-grained charac- 
ter of the groundmass and its felted texture, the mode could not be estimated in its 
entirety by Rosiwal's method, though the amounts of the phenocrysts were easily 
ascertained. 

In calculating the mode of the Fiescoli rock few readjustments were needed. The 
normative amount of olivine was taken as the modal, as this agreed with that meas- 



PETROGRAPHY. 65 

ured in thin section. The small amount of normative hypersthene was assumed 
to belong to the augite molecule, though the orthoriiombic pyroxene may actually 
exist among the small pyroxene prisms, since we find it in the sorianal harzose from 
the same vcdcano. The results of the calculation were as follows: 

Soda-ortbodase, OrioAbj 50. 7 

Labradorite, AbiAiia 13. i 

Augite 23 . 2 

OUvine 11. 2 

Magnetite 0.9 

Apatite 0.9 

100. o 

The calculation of the mode of the Colonetta rock was also simple. An 
amount of the normative hypersthene corresponding to that in the preceding case 
was assumed to enter into the augite molecule, while the balance was recalculated 
as olivine, the amount of whidi agrees fairly well with the appearance of the section. 
This calculation of olivine necessarily adds to the amount of free silica, which is 
stated as quartz, and which we must assume to be present in the glass base. In 
the case of both rocks the composition of the augite, apart from the hypersthene 
molecules, was assumed to be that of the Ticdiiena augite referred to elseidiere. 
These readjustmmts give the following figures: 

Soda-ortbodase, Or6Ab, 43. 6 

Labradorite, AbiAn* 16. i 

Quartz 4.6 

Augite 22.4 

OUvine 11. 7 

Magnetite o. 9 

Apatite 0.7 

100. o 

It is evident that the two modes are essentially identical, the amount of quartz 
or ^ass being so small as to be negligible. Taking the presence of olivine into 
account the type may be described as normative olivinic salfemphyro-dminose; for 
whidi the shorter term "fiescolal dminose" is an advantageous substitute. 

The occurrence of quartz or a hi^y quaric glass along with olivine need not 
cause surprise, as a number of similar cases are well known. Indeed, from the 
generally observed easy solidification of hi^y quaric magmas or partial magniAg 
before complete crystallization, the presence of glass in the specimen which shows 
some normative quartz, while that without this is holocrystalline, is readily intelligible. 

Occurrence. — ^Rocks of this type are confined to the Ciminian District, so far 
as known. In this they are very abundant around the Cimino Volcano, and among 
representative localities may be mentioned the stream bed at Cavorde, the quarry 
of the Chiesa dei Frati at Madonna della Querda, a flow west of Villa Lante, flows 
and blocks in the tufls at Monte Ciliano and near Soriano, and the type localities at 
La Colonetta and Fontana dl Fiescoli. 

Name, — ^The name of the subrang has been already explained as derived, like 
that formeriy proposed for the group of trachytic rocks characterized by the presence 
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of both orthoclase and labradorite with some olivine, from the name of the dis- 
trict The type adjective is based on the locality, Fontana di Fiescoli, whence the 
original type specimen of ciminite came. 

In the prevailing classifications these rocks have been given a wide diversity 
of names, almost every geologist who has studied the district having chosen a dif- 
ferent one. Thus vom Rath calls them trach3rtes, Deecke augite-andesites, in both 
cases accompanied by remarks on their anomalous mineralogical and chemical char- 
acters; Bucca speaks of them as trachytes, Mercalli first called them oli vine-trachytes 
and later olivine-andesites, while the name selected by Sabatini is "labradorite,** 
used with the French signification. 

In view of this confusion, which amounts to a tacit admission that the type 
belongs neither to the trachytes nor to the andesites, a special name seems advisable, 
and that formerly selected, "ciminite," is appropriate, as the rock is abundant at 
Monte Cimino and was at the time the only one which it seemed to be worth while 
to name. For these reasons Mercalli's recent criticism of the name **dminite," on 
the ground that the rock does not make up the main part of Monte Cimino, seems 
to be somewhat strained. 

PIBSCOLAL CIMINOSB. II. 8. 2. 2. 

Megascopic characters, — Medium gray, compact, somewhat porphyritic. Feldspar pheno- 
crysts few, i to 5 mm., tabular or prismatic. Olivine phenocrysts rather abundant, i to 2 mm., 
yellow. Augite phenocrysts rather abundant, i to 2 nun., stout prismatic, black. Ground- 
mass: rather light to rather dark gray, aphanitic. 

Specific gravity 2 . 70 at 10®. 

Microscopic characters. — ^Holocrystalline, rarely percrystalline, mediophyric, dopadc. 
Phenocrysts: about 25 per cent, olivine, augite, orthoclase, labradorite. Groundmass: about 
75 per cent, orthoclase, labradorite, augite, olivine, magnetite, apatite, glass in rare cases. 
Groundmass, texture felted. 

Orthoclase, about Or4Abi. — ^Phenocrysts: about 3 per cent, i to 5 nun., subhedral stout 
prismatic or tabular, Carlsbad twinning common, inclusions few. Groundmass: about 40 or 
45 per cent, 0.02 to o.iomm., partly subhedral to anhedral, slender prismatic, arrangement 
diverse, partly anhedral, interstitial cement. 

Labradorite, AbjAn,. — ^Phenocrysts: about 3 per cent, i to 5 mm., subhedral to anhedral, 
stout prismatic, much twinned, often clustered, inclusions few. Groundmass: about 10 per cent, 
0.02 to o. 10 nun., anhedral, prismatic, arrangement diverse. 

Augite — Phenocrysts: about 9 per cent, 0.2 to 2.0mm., subhedral to imhedral, stout 
prismatic, often fragmentary, colorless or very pale greenish, few inclusions. Groundmass: 
about 15 per cent, o. 01 to 0.05 mm., anhedral, slender prismatic, colorless. 

Olivine. — Phenocrysts: about 10 per cent, 0.5 to 2.0mm., subhedral, stout prismatic, 
tabular or equant, often corroded, coloriess, conunonly with narrow border of yellow iddingsite. 

Magnetite. — Groundmass: about 2 per cent, o. 01 to 0.02 mm., anhedral, equant. 

Apatite. — Groundmass: about i per cent, subhedral, slender prismatic. 

Glass. — ^Usually absent: about 5 per cent, colorless, interstitial between feldspar laths, 
difficult to detect. 

Chemical composition and norm as above. 

Type specimens from Fontana Fiescoli and from La Colonetta, Cimino Volcano, Ciminian 
District 
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II. 5. 2. 2. Bas^noreal Ciminose [Leuclte-Trachyte, Bagnorea Type]. 

Megascopic characters. — Rocks of this type are light gray in color, and while 
porphyritic are not strikingly so, as the phenocrysts are neither numerous, large, 
nor conspicuous. Those of leucite are most abundant, but constitute only from 5 
to 10 per cent of the rock. They are from i to 5 nun. in diameter and usually 
anhedral to subhedral, crystal planes not being well developed. There are a few 
very small black prismoids of augite, with an occasional biotite table. The ground- 
mass is rather light gray and quite aphanitic. 

Microscopic characters. — ^In thin section the leucite phenocrysts show the usual 
characters, though the birefringence is weaker than in most cases and inclusions 
are rare. The phenocrysts of augite are subhedral, stout prisms, often fragmen- 
tary, and are of a somewhat greener tint than usual, though not markedly so. The 
biotite tables are brown, and for the most part are much altered to the conunon 
granular aggregate. Phenocrysts of feldspar are visible in the thin section, which 
escape observation in the hand specimen. They are of both orthodase and plagio- 
dase, the latter a labradorite of about AbxAn^. Around these phenocrysts mantles 
of later alkali feldspar, oriented like the nuclear crystal, are not unconunon. 

The groundmass is typically holocrystalline and shows an intersertal fabric. 
It is composed in large part of feldspar prisms, most of these being of orthodase 
with fewer of labradorite, the arrangement being diverse, with the other ground- 
mass constituents between the laths. Small round leudtes are quite abundant, 
carrying few indusions, and there are present in considerable amoimt small color- 
less augites, both in the form of subhedral prismoids and as anhedral, equant grains. 
Small grains of olivine are rather rare and the usual magnetite grains and apatite 
needles are seen. In some specimens there is a residual base of nephelite, intersti- 
tial between the other constituents, but this is not always found and its amount is 
very small in any case. 

Chemical composition. — Incomplete analyses were made of two specimens of this 
type some years ago and are here republished, with several additional determinations. 

Chemical Camposiiion of Bagnoreal Ciminose [Leucite-irachyte], 





I. 


n. 




I. 


IL 


SiO, 

A1.0, 

FcO, 

FeO 

MgO 

CaO 

Na,0 

K.O 


55-85 0931 
18.34 .180 

1.73 .043 
3.84 .069 
3-39 -055 
8.77 .094 
1. 14 
none 


55.21 0.920 
18.78 .184 
2.69 .017 
2 . 86 . 040 
1 . 68 . 042 
4.61 .082 
3- 13 -050 
8.45 .090 
0.99 
none 


TiO,.... 
ZrO,.... 
P.O5.... 

SO3 

MnO . . . 
BaO .... 

Sp. gr... 


0.59 0.007 

none 

0.38 .003 

0.05 

n.d. 

0.17 

99.90 


0.71 0.009 

0.10 

0.2a .002 

none 

n.d. 

0.18 


99.61 


UaU 

CO, 


2.648 at 2f 


2.609 at 10® 



I. Bagnoreal ciminose [leudte-trachyte]. Bagnorea, Vulsinian District H. S. Washington, 

analyst. Jour. GeoL, V, 1897, p. 370. 
II. Bagnoreal dminosc [leudte-trachyte]. Monte Venere, Ciminian District. H. S. Washington, 
analyst Jour. Geol., IV, 1896, p. 849. 
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Or 52.26) 

Ne 6.25 6.25) 

Di 6.0s i ^ 

01 1.05I 7.^^ 

Mt 4.41 6.27 

II 1.06 

Hm 0.80 

Ap 0.94 0.94 

98-73 
Rest.... 1.36 

100.09 



84.42 



14.31 



Norm of /. 

50.04) 

15.20^77.47 

12.23) 

5.94 

7.17} 

1.875 

3-94 { 

1.375 



Norm of II. 



•94) 



5 
9.04 



83.41 



0.53 

98.29 

137 

9956 



5.31 
0.53 



14.88 



Ratios, 



I. 


II. 


- 5-90 


5.61 


-12.51 


13.08 


- 4.81 


319 


- 1. 71 


1.80 



Class ^ 

Fem 

^^^ l 

H»„a K.O' + Na.O' 

^"^^ — cio^^ — 

c K KtO' 

S"''""* IH^O^ 

These two analyses are very closely alike and, corresponding to this, their 
magmatic positions are almost identical They both fall well within the limits of 
all the subdivisions, except that of subrang, in which they are both rather near 
the sodipotassic border, almost enough so to be considered transitional, in which 
case the magmatic name would be monzonose-dminose. As compared with the 
analyses of the fiescolal dminose, this type is markedly higher in alimiina and also 
in potash and soda, a point which will be referred to in discussing the mode. 

Mode. — ^The modes of the two specimens analyzed were determined and may 
be discussed separately. In neither case could the colorless constituents of the 
groundmass, orthoclase, labradorite, and nephelite be accurately distinguished in 
the application of Rosiwal's method, so that these are stated together. 



Soda-orthoclaae, OraAbi 
Labradorite, Abz Ana — 

Nephelite 

Leudte 

Augite 

OUvine 

Biotite 

Magnetite 

Apatite 



Calculatid. 



Measured. 



60.7) 

11. 3[ 

8.9) 
I.I ) 


Vol. %. Sp. gr. 

77.8 X 2.6 - 202.3 

9.4 X 2.5 - 23.5 


Wt.%. 

73-9 
8.6 


9.4 X 2.5 - 31.0 


"•3 


4.7 

I.O 


0.3 X 2.9 - 0.9 
3.1 X 5.2 - 16. I 


0.3 
5.9 


100. 


100. 273.8 


100. 
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In the case of the Bagnorea specimen the phenocrysts, the leudte, the augite and 
olivine (measured together), and the magnetite were readily measured, the detailed 
reductions to weights being found in the formal description. In calculating the 
mode from the norm, after estimation of the augite on the usual basis as to com- 
position, the amount of leucite determined by the microscopic measurements was 
assumed to be correct, since that of the nephelite could not be thus determined 
and a knowledge of the amount of one of the lenads was necessary. 

As the Monte Venere rock contains no nephelite, all the soda was assumed to 
go into the albite molecule; and as it contains some biotite but no olivine, the 
normative olivine was combined with some leudte to form modal biotite. After 
these readjustments and the calculation of the augite of the usual composition, the 
remaining silica was distributed between orthodase and leudte by the regular 
equations. 



Soda-orthoclase, C>r5Ab4. 
Labradorite, AbiAn, . . . 

Leucite 

Augite 

Biotite 

Magnetite 

Apatite 




Meabuizd. 



VoL% 




Sp.gr 






wt.% 


68.7 


X 


2.6 


- 


178.6 


66.5 


20.6 


X 


2.5 


- 


51. 5 


19.2 


8.0 


X 


3-3 


aa 


26.4 


10. 


0.7 


X 


2.9 


— 


2.0 


0.8 


2.0 


X 


5-2 


" 


10.4 


35 



268.9 zoo.o 



It will be seen that the calculated and measured modes in both cases agree very 
well and that the influence of overlapping has not been serious; indeed in the case 
of the Monte Venere rock the relations of light and dark minerals in the two modes 
are the reverse of those ordinarily obtained, the light and dark minerals being 
respectively less and more in the calculated than in the measured mode. 

As compared with each other the modes of the two rocks are dosely alike, 
though there are some differences, as the presence of nephelite and olivine in the 
Bagnorea rock and the presence of biotite in that from Monte Venere. But these 
differences are of slight moment, and may be regarded as negligible, at least for the 
present, when very fine distinctions are inadvisable. 

Compared with the norms the two modes are evidently abnormative, espedally 
in the replacement of nephelite (in whole or in part) and orthodase by leudte, the 
other divergendes being negligible, so that the type may be spoken of as leudte 
alfersalphyro-monzonose-dminose. 

It is of some interest to compare the fiescolal dminose [dminite] with this type 
as regards chemical composition and mode. The chemical differences between the 
two, shown by the lower alumina and alkalis of the fiescolal type, have been adverted 
to above, and it is quite dear that the modal differences, and espedally the presence 
of leucite, are largdy dependent on these chemical differences. Indeed, in the case 
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of the fiescolal type study of the norm and mode shows clearly that the presence of 
leudte in the rock to a notable extent would be most improbable on account of 
the presence of low alkalis, especially in view of considerable amounts of ferrous 
oxide and magnesia, which would allow the establishment of a silica equilibriiun by 
the formation of olivine and hypersthene, the latter entering the augite molecule. 

Occurrence, — ^This type is not very abundant, but probably more so than the 
number of specimens which I collected would indicate. It seems to be confined to 
the Vulsinian and Ciminian districts, prominent localities being the quarries at 
Bagnorea in the former and the flows of Monte Venere and one on the south shore 
of Lake Vico in the latter. 

Name. — ^The name of the type is derived from that of the locality of Bagnorea, 
near Orvieto, where the rock is quarried extensively for paving stones. 

In the prevailing systems the names commonly bestowed on these rocks vary 
with different observers, according to the particular minerals on which stress is laid. 
Thus the Bagnorea rock was formerly called by me leudte-phonolite on account of 
the nephelite cement present, while Bucca calls it a leucite-trach3rte and Modemi 
a leudtophyre. Similarly the rock of Monte Venere was called by me a leudte- 
trachyte, while Mercalli and Sabatini consider it a leudte-tephrite, on account of 
the presence of labradorite, even in small amount. As may be gathered from the 
description above, and as is more evident from the discussion of the mode, the 
amounts of both labradorite and nephelite are so small that it would seem unwise, 
in bestowing a name, to allow their presence to offset the much more abundant 
orthodase. On this account, in the prevailing systems, the name of leudte-trachyte 
is the most appropriate. 

BAONORBAL CIMINOSB. II. 8. 2. 2. 

Megascopic characters. — flight gray, compact, porphyiitic. Leudte phenocrysts few, 
z to 5 mm., iiregular, inconspicuous. Augite phenocrysts few, i to a mm., black, prismatic, 
inconspicuous. Biotite phenociysts few, i to a mm., tabular, bronzy, sometimes wanting. 
Groundmass light gray, aphanitic. 

Microscopic characters. — ^Holocrystalline to percrystalline, megaporphyritic, dopatic. 
Phenocrysts: lo to 15 per cent, leudte, augite, biotite, orthoclase, labradorite. Groundmass: 
90 to 85 per cent, orthodase, labradorite, leudte, augite, magnetite; also olivine, biotite, and 
nephelite, not alwa3r8 present Glass base rare. 

Orthoclase, from OraAbi to OrxAb,. — Phenocrysts: about 2 per cent, not notable mega- 
scopically, 0.5 to 2.0 mm., subhedral, stout prismatic, twinned. Groundmass: 45 to 55 per 
cent, 0.05 to o. 2 mm., anhedral, prismatic and equant, arrangement of laths diverse. 

Labradorite, AbjAna. — Phenocrysts: about i per cent, not notable megascopically, 0.5 
to 2.0mm., subhedral, stout prismatic, sometimes clustered, twinned. Groundmass: about 
10 to 15 per cent, 0.03 to o. i mm., anhedral, prismatic, arrangement diverse. 

Leudte. — Phenocrysts: about 5 to 10 per cent, 0.5 to 5.0mm., subhedral to anhedral, 
equant, few indusions. Groundmass: about 5 to 10 per cent, o.i to 0.5 mm., anhedral, 
equant, round sections, few indusions. 

Augite. — Phenocrysts: about 3 per cent, 0.2 to 2.0mm., subhedral to anhedral, pris- 
matic and equant, often fragmentary, pale greenish-gray or colorless. Groundmass: about 7 per 
cent, o. 03 to 0.05 mm., anhedral, prismatic and equant, colorless or very pale gray. 
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BiotUe, — Phenocrysts: about 3 per cent, not always present, 0.2 to 30 mm., anhedral, 
thick tabular, brown, usually much altered. 

Olivine, — Groundmass: about i per cent, not always present, 0.03 to o. 2 mm., anhedral, 
equant. 

Nepheliie, — Groundmass: about 3 percent, not always present, formless, interstitial cement. 

Magnetite, — Groundmass: about 4 per cent, o. 01 to 0.03 nmi., anhedral, equant 

Apaiile. — Groundmass: about i per cent, o.oi to 0.04 nmi., anhedral, prismatic. 

Chemical composition and norm as on p. 67. 

Type specimens from Bagnorea, Vulsinian District, and Monte Venere, Ciminian District. 

II. 6-5. 2. 2. Martioal Vicose-Cimlnose [Leudte-Tephrite, San Martino Type]. 

Megascopic characters, — ^This type is rather light gray and resembles the bagn- 
oreal dminose. It is, however, much more highly porphyritic, phenocrysts of 
leucite and augite being abundant, though somewhat smaller than in the preceding 
type. Those of leucite are seldom over i mm. in diameter and are very incon- 
spicuous, whUe those of augite, in black prisms from i to 2 mm. long, are much 
more so. The groundmass is a rather dark gray, dense, and aphanitic. 

Microscopic characters, — ^In thin section the leucite phenocrysts are seen to be 
either subhedral or sometimes quite anhedral, from 0.5 to i nmi., in diameter. They 
carry few inclusions, which consist of minute dusty grains, generally gathered toward 
the center. The subhedral augite prismoids are somewhat more abundant, are 
much cracked and fragmentary, though mostly with crystal planes remaining, and 
are either colorless or of an almost imperceptible greenish tinge. They contain no 
inclusions. These two minerab constitute the only phenocrysts, none of feldspar 
or biotite having been observed. The leudte phenocrysts commonly occur in 
dusters of several individuals. 

The groundmass is somewhat indefinite and difficult of exact study. There 
are niunerous small, colorless augite anhedra, which are either prismatic, equant, 
or irregular, and some small grains of magnetite, but none of the interstitial biotite 
seen in the previous type. These minerals are embedded in a colorless mass, 
which the crossed nicols resolve into very small, round anhedra of leucite, present 
in large numbers, indefinitdy outlined prismoids of feldspar, which frequently show 
multiple twinning, though the grays are light and the structure is best seen with the 
aid of the selenite plate. Along with these are small flakes and indefinite interstitial 
areas of a colorless, feebly birefringent substance, which, however, does not seem 
to be nephelite, judging from the colors shown with the selenite plate, but is rather 
to be referred to one of the feldspars, probably orthodase. No glass could be iden- 
tified with certainty. 

Chemical composition. — One analysis, hitherto unpublished, was made of this 
type. In its lower silica and alumina, as well as in its somewhat higher bivalent 
oxides, this analysis differs very considerably from those of the other ones of ciminose 
rocks. The explanation lies in the fact that, while this rock is well within the 
borders of the dass, rang, and subrang, it lies dose to the border of the lendofeUc 
order. So close, indeed, is it that the type may be regarded as transitional 
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between the subrangs dminose (II. 5. 2. 2), where it falls, and that of vicose (II. 
6. 2. 2), so that it should be called strictly a vicose-ciminose. 

Chemical Composition of Martinal Vicose-ciminose \Leuciie-4ephrite]. 
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SiOa 


52.14 0.869 

15-91 -156 

2.15 .014 

5.19 'O72 
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TiO, 


1.22 0.015 
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FeO 


ZrO, 
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0.24 .002 
0.07 .001 
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CaO 
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Na,0 


MnO 
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0. 20 


H.O + 








100.13 



Martinal vicose-ciminose [leucite-tephrite]. Fosso della Parchetta, San Martino, Ciminian Dis 
trict H. S. Washington, analyst 
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Ne.. 
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Sal 
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Rang 



Subrang. , 



K,0^4-Na,0^ 
CaO' 

K.O' 



-2.25 



Na.O' 
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Mode. — ^While the amounts of the phenocrysts of leucite and augite could be 
accurately determined under the microscope, the constituents of the groundmass 
did not lend themselves to determination by RosiwaPs method on account of the 
indefinite character of the salic components, which had to be reckoned together. 
The following were the results obtained: 

Vol.%. Sp.gr. 

Feldspars, etc 47.5 X 2.6 - 

X-eucite phenocrysts 11. 2 X 2.5 ■■ 

Augite phenocrysts 12. 2 X 3.3 — 

Augite in groundmass 15.6 X 3.3 — 

Magnetite 3.5 X 5.2 - 

100. o 287.4 99.9 

In calculating the mode from the norm it was assumed that no nephelite was 
present, and thatfthe alkali-feldspar had the composition GrxAb,. The assump- 
tion was made in regard to this rather than to the soda-lima feldspar, since it was 
difficult, if not impossible, to determine the average composition of this latter opti- 
cally. The calculated composition of Ab4An3, an andesine, agrees as well as could 
be expected with the appearance under the microscope. The calculated mode is 
as follows: 
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40.3 
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50-4 


17.9 


18.2 


6.3 
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Orthodase, Ofi Abi 5.4 

Andesine, Ab4An3 23 . 2 

Lcucite ^ 31.5 

Augite 33.8 

Magnetite 5.5 

Apatite 0.6 

100. o 

From the above it will be seen that about 21 per cent of leudte is in the ground- 
mass, the rest of the salic portion of this being of feldspars, altogether amounting 
to about 31 per cent. The calculated and measured amounts of augite and mag- 
netite agree well, though the measured amount of the former is slightly lower than 
the calculated, the reverse being true of the ores. As compared with the norm, 
the only notable difference lies in the modal presence of leudte, repladng part of 
the orthodase, and the total absence of nephelite. The type may then be called a 
leudte-alfersalphyro-dminose. 

Occurrence. — ^This type, so far as known, is found only in the neighborhood of 
San Martino, on the northwestern slope of the Vico Volcano in the Ciminian District, 
the best locality being at a quarry near the bridge over the Fosso della Parchetta. 
Rocks of the same type were also obtained behind the church of San Martino, above 
the town, and as blocks at the Ponte di Cetti, on the Via Aurelia, about 7 km. south- 
west of Viterbo, these last being somewhat decomposed. 

Name. — ^The type name is derived from the locality where the type occurs. 

In the prevailing systems of classification this type would be regarded as a 
leudte-tephrite, on account of the very considerable amount of plagiodase and 
the small quantity of orthodase. 

MARTINAL VICOSB-CIMINOSe. II. 6-8. 2. 2. 

Megascopic characters, — Light gray, compact, highly porphyritic Leudte phenociysts 
abundant, but very small and inconspicuous. Augite phenocrysts abundant, small, prismatic, 
black. Groundmass light gray and aphanitic. 

Microscopic characUrs. — ^Holocrystalline, mediophyric, dopatic. Phenociysts: about 25 per 
cent, leudte, augite. Groundmass: about 75 per cent, somewhat felted fabric, andesine, leucitc, 
augite, orthodase, magnetite, apatite. 

OrthodasCy OriAbj. — Phenocrysts none. Groundmass: about 5 per cent, 0.05 to o.io mm., 
anhedral, prismatic and equant, also interstitial between the other constituents. 

Andesine^ Ab4An3. — Phenocrysts none. Groundmass: about 23 per cent, 0.05 to o.io 
mm., anhedral, prismatic, outlines rather indefinite, twinned, arrangement diverse. 

Leuciie. — Phenocrysts: about 11 per cent, 0.4 to i .0 mm., subhedral, equant, often clus- 
tered, few dusty inclusions. Groundmass: about 20 per cent, 0.02 to 0.05 mm., anhedral, 
equant, free from inclusions, often difficult to distinguish from the groundmass orthoclase. 

Augiie. — Phenocrysts: about 12 per cent, 0.5 to 2.0 nmi., subhedral, prismatic, fusiform 
and fragmentary, colorless, no inclusions. Groundmass: about 20 per cent, 0.02 to 0.05 mm., 
anhedral, prismatic, equant or irregular, colorless. 

Magnetite. — Groundmass: about 4 per cent, 0.02 to 0.04 mm., anhedral, equant. 

Chemical composition and norm as on p. 72. 

Tjrpe specimen from Fosso della Parchetta, San Martino, Vico Volcano, Ciminian District. 
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II. 5. 2. 3. Arsal Monzonose [Vulsinite, Arso Type]. 

Megascopic characters. — ^Rocks of this type are very similar to those belonging 
to arsal vulsinose and dminose described above, both megascopically and micro- 
scopically; so much so, indeed, that they are quite indistinguishable in the hand 
specimen. 

The color is a pure gray which may vary from rather light to rather dark. Glis- 
tening, white, prismatic phenocrysts of feldspar, from 5 to 20 mm. long, are rather 
abundant and are more or less conspicuous according as the groundmass is dark 
or light. With these are seen, but in very small amount, small black prisms of 
augite, and in still less quantity either small tables of biotite or grains of yellow 
olivine. The groundmass is dense and aphanitic. Most of the rocks of this Xy^ 
in the Roman Region are compact, but occasionally more or less vesicular forms are 
found. 

Microscopic characters, — The feldspar phenocrysts are seen in thin section to 
be of both alkali and soda-lime feldspar, the amount of the former surpassing that 
of the latter. While the orthodase is more or less sodic it does not show any of 
the microperthitic or other micro-structures which are so common in soda-ortho- 
dase. The stout prisms are euhedral or subhedral, often twinned according to the 
Carlsbad law, and carry few indusions. Those of soda-lime feldspar are similar in 
form and show the usual multiple twinning. The extinction angles vary somewhat, 
but in most cases indicate that the composition is near the border of andesine and 
labradorite, varying from Ab4An3 in the Arso rock to Ab3An4 in that from Poggio 
Cavaliere, and even slightly more calcic. It will be recalled that in the homologous 
types of vidsinose and dminose the plagioclase was a labradorite about AbxAna, or 
even an almost pure anorthite, the composition being, of course, correlated with 
the dopotassic or sodipotassic character of the subrang. 

The augite phenocrysts call for little remark. They vary in length from i to 
5 mm., are usually anhedral, in stout prismoids or fragments of these, and are of 
the common very pale-gray color, sometimes slightly greenish-yellow. The rare 
biotite phenocrysts, which are not present in all spedmens, are in thick tables, i to 
3 mm. wide, of the common brown color and usually much altered. In some 
spedmens, as that from L'Arso, these are replaced by phenocrysts of olivine, from 
I to 2 nun. in diameter, mostly anhedral, occasionally with crystal planes, colorless 
in thin section, and quite fresh. 

The groundmass is composed very largely of slender laths of feldspar, those of 
orthodase preponderating over those of soda-lime fddspar, which is an andesine- 
labradorite. In the Arso rock these small laths are branched at the ends and often 
slightly curved. Their arrangement is subparallel, giving rise to a trachytic fabric. 
With them are seen rarely, as in the Arso specimens, very small, round anhedra of 
leudte, but the amount of this is quite negligible, not over 2 per cent, and it is note- 
worthy that it does not occur in those rocks which show [biotite phenocrysts, as that 
from Poggio Cavaliere. The presence of leucite in the Arso rock was first noted by 
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vomRathybut it was not observed by Fuchs. Its identity was established by the 
close resemblance to other occurrences, the evidences of the birefringence and 
twinning, and the presence in many cases of the characteristic minute inclusions of 
augite which are centrally arranged. The groundmass also carries the usual small 
colorless augite anhedra, in prisms and grains, and some small grains of magnetite. 
The specimens typically are holocrystalline, those from Cavaliere showing a little 
nephelite cement, but those from L'Arso carry a little glass, either colorless or brown- 
ish and often dusty with minute indeterminable microlites. 

Chemical composition. — ^Analyses of two specimens of this type are found below, 
one of which has already been published in incomplete form, together with one by 
Riva of another type of monzonose which may be called bolsenal from the descrip- 
tion by De Lorenzo, as well as an early one by Fuchs of the Arso rock, and also one 
of a monzonose from Montana. 



Chemical Composition of Arsal Mofuonose [Vulsiniie], 
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.015 

•043 
.048 
.089 
.056 
•073 



.008 



57.73 


55.23 


17.85 


18.31 


4.44 


4.90 


3.90 


2.06 


1.77 


1.85 


3.65 


3.62 


3.77 


4.02 


7.65 


6.43 


0.09 


1.84 




0.42 


trace 


0.58 




0.23 


n.d. 


0.32 




trace 


.... 


0.46 



100.85 



100.27 



Poggio Cavaliere, Lake Vico, Ciminian District Wash- 
Washington, 



I. Arsal monzonose [vulsinite]. 

ington, analyst. 
II. Arsal monzonose [trachyte, ciminite]. L'Aiso, Ischia, Campanian District. 

analyst. Am, Jour. 5cf., VIII, 1899, p. 290. 
III. Bolsenal monzonose ["trachydolerite," vulsinite]. Ejected block, Astroni Volcano, 
Phlegrean Fields, Campanian District. Riva, analyst De Lorenzo and Riva, 
AU. Ace. Sc. Nap., XI, 1902, p. 37. 
rV. Arsal monzonose [trachyte]. L'Ano, Ischia, Campanian District Fuchs, analyst. Min. 

PH. MiUh.y 1872, p. 230. 
V. Aspenal monzonose [gauteite]. Aspen Creek, Highwood Mountains, Montana. Foote, 
analyst. L. V. Pirsson, Bull. U. S. G. S. No. 237, 1905, p. 134. 
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Or 4504) 

Ab 14-93 f 72. ao 

An 12.23 ) 

Ne 7.81 7.81 

gl:::::::::::::::'i:ij!"»" 
r-:::::::::::::: i.Vy] ^-^ 

Ap 0.51 0.51 

99-43 
Rest 1.03 

100.46 



80.01 



19.4a 



Norms, 

3503 
32-49 
10.01 

4.54 
9.12 
1.67 
3-25 
a-43 
0.81 



11. 



77-53)^ 
^82 

4-54) 



07 



10.791 

; 5.68 
0.81 



17.28 



99-35 
0.29 

99.64 



40.59 
21. 48 

17.51 
4.26 
5.88 
3-32 
3.48 
X.22 



97.74 
a. 13 

99.87 



IIL 



7958) 
4.26) 
9.20) 

4.70) 



83.84 



90 



I. 


IL 


m. 


-4.12 


4-75 


6.03 


-9.24 


17.08 


z8.68 


-3." 


3.92 


2.0s 


-1. 45 


0.83 


1.30 



Ratios. 

r^i ' Sal 

Class ^= — 

Fcm 

F 
Oitier £ 

_ K.O^+Na.O^ 

^*^ CaO- 

^^^"^8 Ni:o' 

These analyses do not call for special comment. They are much alike in all 
respects and the rocks evidently fall well within the borders of the various divisions, 
except that that from Poggio Cavaliere lies somewhat close to the border of the 
dopotassic subrang, though not dose enough to be considered transitional. The 
older analysis of the Arso rock by Fuchs, and a still earlier one by Abich, 
resemble that in n, except in their somewhat higher silica and potash and lower 
soda, but their dates and the conditions obtaining in anal3rtical work and methods 
at the time render them not altogether reliable. 

Mode. — ^The modes of the two specimens analyzed by me were determined and 
are here described. That of the bolsenal type can only be calculated from the 
norm, as the description of De Lorenzo is not quantitative. 

In the case of Poggio Cavaliere rock determination of the mode by optical 
methods was rendered difficult by the size and arrangement of the groundmass 
feldspars and by the presence of the nephelite cement. Nor could the relative amounts 
of the phenocrysts of orthoclase and plagioclase be exactly estimated in the absence 
of sufficiently large sections. On the other hand, the amount of augite, both in 
phenocrysts and in the groundmass, and of the biotite phenooysts, could be closely 
judged, the augite being about 16 per cent and the biotite about 1.8 of the rock by 
weight. 

In calculating the mode from the norm the amount of biotite as thus deter- 
mined was assumed to be correct, and the proper amounts of olivine and leudte 
molecules were assigned to it. The small amount of olivine remaining, changed to 
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hypersthene, was assigned to the augite molecule, and the silica left after these read- 
justments and the calculation of orthoclase and anorthite was divided between albite 
and nephelite molecules in the usual way. The soda-lime feldspar was assumed to 
have the composition Ab3An4, thus leaving a little soda for the alkali-feldspar. The 
results of this calculation are: 

Soda-orthodase, OrjAbi 52.1 

Labradorite, Ab3An4 17.8 

Nephelite 7.8 



Augite. 



17-7 

Biotite 1.7 

Magnetite 2.4 

Apatite 0.5 



These figures agree with the appearance of the section. Thus the measured 
amount of the two feldspars and the nephelite base was about 77 per cent, while the 
calculated total for these is 77.7. The calculated amount of augite is slightly 
greater than the measured, and it is possible that some of the very small augites of 
the groundmass have been overlooked, but the divergence is not large. From treat- 
ment of the section with add and fuchsine it would seem that the calculated amount 
of nephelite corresponds closely to the actual. 

Taking up the Arso rock the same difficulites meet us, as regards the feldspars 
and glass cement, when it is attempted to estimate the mode by Rosiwal's method. 
But here, likewise, the amounts of leudte, augite, and olivine could be measured 
with a reasonable degree of certainty. The results are, for leudte 1.6 per cent, for 
augite II per cent, and for olivine a.i per cent, the total amount of phenocrystic and 
groundmass fddspars and glass being 84, and that of ores about 1.5 per cent. 

Although the texture is somewhat hyaline and the mode therefore is indeter- 
minable, strictly speaking, the amount of glass is so small that the calculation of the 
mode from the norm may be attempted. For this purpose it was assumed that 
the amount of leudte was that shown optically and that the plagiodase had the 
composition shown below. The result is: 



Soda-orthoclase, Or4Ab3 55 . 2 

Andesine, Ab4An3 20. i 

Leudte 1.7 

Nephelite 4-0 

Augite 13. 1 



Olivine 1.7 

Magnetite 3.4 

Apatite 0.8 



From the somewhat greater amounts of augite and magnetite shown by the 
calculated mode, and the presence of nephelite, it is dear that the glass cement 
is essentially a nephelite in composition (which is confirmed by the fact that it gel- 
atinizes readily with adds), and that it carries considerable augite and magnetite, 
either as the fine, dusty microlites, or imcrystallized as the brownish coloring 
material. The olivine shown in the mode dosely approximates to that of the norm. 

It is of interest to note here that, instead of the small amount of modal biotite 
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shown by the Cavaliere rock, this carries the leudte and olivine molecules crystal- 
lized as these minerals, and not combined into biotite. 

It is clear that the modes of both specimens are essentially the same, as the 
amounts of biotite in the one and of leudte and olivine in the other are so small as 
to be quite negligible. As compared with the norm the differences are negligible 
also in both cases, and the type may be described, neglecting the small quantities of 
alferric phenocrysts, as normative salphyro-monzonose. 

Occurrence. — ^This type is not abundant in the Roman Region, occiuring rather 
sparingly in but two districts, the Ciminian and the Campanian. In the former it 
is best represented by a massive flow below the Poggio Cavaliere, on the south shore 
of Lake Vico, and it also forms blocks in the tuffs on the northwest slope of the Vico 
Volcano, espedally near the Villa Balestra on the Via Aurelia, about 4 km. south- 
west of Viterbo. In the Campanian District it forms the flow of 1302 a. d., called 
L'Arso, on the island of Ischia, and a vesicular form occurs at Le Cremate, the 
point of eruption above the flow. 

The type of bolsenal monzonose, which is based provisionally on the descrip- 
tion and analysis of De Lorenzo and Riva, is met with as blocks at the Astroni Vol- 
cano in the Phlegrean Fields, but is not yet known outside the Campanian District, 
though it probably occurs dsewhere. 

Name, — ^The subrang name is derived from that of Brogger's group of mon- 
zonites, many typical examples of which fall in this subrang. The type name is 
derived from the well-known locality of L'Arso. The possibility and the advisabil- 
ity of distinguishing two types, the arsal and the vetrallal, based on the conspicuous- 
ness of the fddspar phenocrysts and the presence of olivine or biotite, has already 
been discussed under the type of arsal vulsinose-ciminose (p. 61). 

The remarks on the position of the homologous types of vulsinose and dminose 
in the prevailing systems are applicable here. In general these rocks would be called 
trach3rtes, but they are commonly recognized as rather abnormal. The Poggio 
Cavaliere rock would be a typical vulsinite, while that of L'Arso is distinguished by 
Rosenbusch from the true trachytes as the type of the Arso-typus, is often spoken 
of as an olivine-trachyte, and was formerly called a dminite by me. It is note- 
worthy that the present measurements show the very small amount of olivine actually 
present, and emphasize again the prevalent tendency to exaggerate the importance 
of unusual constituents which may be present in negligible amounts. 

De Lorenzo and Riva call attention to the chemical divergence of the bolsenal 
monzonose from the similar types which fall in vulsinose, and make this clear by 
naming the vulsinose rocks vulsinite, while the monzonose type is referred to as a 
trachydolerite. 

ARSAL MONZONOSE. II. 5. 2. 3. 

Megascopic characters. — Medium gray, usually compact, porphyritic. Feldspar pheno- 
ciysts common, 3 to lo mm. long, stout prismatic, white, rather conspicuous. Augite pheno- 
crysts rare, small, prismatic, black. Biotite phenocrysts not always present, few, small, tabular, 
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black. Olivine phenocrysts not always present, few, small, yellow. Groundmass: gray, 
aphanitic. 

Microscopic characters, — ^Holocrystalline to percrystalline, magnophyric, dopatic. Pheno- 
crysts: about 20 per cent, orthoclase, andesine-labradorite, augite, biotite or olivine sometimes. 
Groundmass: about 80 per cent, either holociystalline or with a very little ^ass, trachytic 
fabric, orthoclase, andesine-labradorite, augite, leudte (sometimes), nephelite (sometimes), 
magnetite, apatite, glass (sometimes). 

Orthoclase, OrjAbi to Or4Ab3. — Phenocrysts: about 10 per cent, i to 20 mm., euhedral 
to subhedral, stout prismatic, Carlsbad twinning, inclusions rare. Groundmass: about 40 per 
cent, 0.05 to o.io nmi., anhedral, prismatic, sometimes branched, with diverse to subparallel 
arrangement. 

Andesine4abradorite, Ab3An4 to Ab4An3. — Phenocrjrsts: about 5 per cent, 5 to 20 mm.» 
subhedral, stout prismatic, usually twinned, inclusions rare. Groundmass: about 15 per cent, 
0.05 to o. 10 mm., anhedral, prismatic, arrangement diverse to subparallel. 

Leuciie. — ^Phenociysts none. Groundmass; not always present, sometimes about 2 per 
cent, 0.05 to o. 10 mm., anhedral round equant, faintly birefringent, some inclusions of augite 
microlites centrally arranged. 

Nephelite. — Groundmass: not always present, up to about 8 per cent, anhedral, as cement 
interstitial between the feldspars. 

Augite. — ^Phenocrysts: about 3 per cent, 0.5 to 2.0 mm., subhedral to anhedral, stout 
prismatic and fragmentary, gray or very pale greenish-yellow, few inclusions. Groundmass: 
about 10 per cent, 0.02 to o. 20 nmi., anhedral, prismatic, colorless or very pale yellowish. 

Biotite. — Phenocrysts: not always present, sometimes about 2 per cent, i to 3 nun., anhe- 
dral, thick tabular, much altered to granular aggregate. 

Olivine. — Phenocrysts: not always present, sometimes about 2 per cent, i to 2 nmi., sub- 
hedral to anhedral, fusiform to equant, colorless and usually fresh. 

Magnetite. — Groundmass: about 3 per cent, o. 01 to 0.93 nmi., anhedral, equant. 

Apatite. — Groundmass: about i per cent, 0.02 to 0.05 mm., subhedral, prismatic. 

Glass. — Groundmass: not always present, about 5 per cent, usually colorless, sometimes 
brown, diisty with minute microlites. 

Chemical composition and norm as on p. 75 

Type specimens from Poggio Cavaliere, south shore of Lake Vico, Ciminian District, and 
from L'Arso, Ischia, Campanian District. 

II. 5. 2-3. 2. Pogliaiial Ciminose-Auruncose [Leucite-Tephrite, Viterbo Type]. 

Megascopic characters. — This type much resembles in the hand specimen the 
viterbal vulsinose and dminose already described, though the only known example 
differs texturally in being somewhat smaller in grain, both as to phenocrysts and 
groundmass. The rock is a leudte melaphyre, leucite phenocrysts, which vary in 
diameter from i to 5 mm. and which are usually euhedral, constituting about one- 
fifth of the rock volimie. There are much less abundant phenocrysts of feldspar 
and augite, but on account of their small dimensions these are very inconspicuous. 
The groundmass is rather dark gray and aphanitic. The only specimen obtained 
is somewhat vesicular. 

Microscopic characters. — ^In thin section the leudte phenocrysts present no 
remarkable features. They are euhedral, sometimes dustered, with very faint double 
refraction, and carry few indusions, mostly small round dots of glass and usually 
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zonally arranged in thin bands parallel to the crystal outline. The great majority 
of the feldspar phenocrysts are of a labradorite, about AbjAna, in euhedral, stout 
prisms, alwa3rs twinned according to the usual laws. Phenocrysts of alkali-fddspar 
are less nimierous, are somewhat less apt to be euhedral, and show Carlsbad twin- 
ning. The phenocrysts of augite of the usual pale-gray color are very rare, euhedral 
to subhedral, but often in fragments. 

The groundmass in which these lie is extremely fine-grained. It is composed 
in large part of minute feldspar laths, which are of both orthodase and soda-lime 
feldspar, though their small dimensions and absence of twinning render exact 
determination difficult. With them are many small prisms and grains of coloriess 
augite, small anhedra of olivine, and some magnetites. Between these lies a color- 
less cement, which is in part doubly refracting, and may be considered to be feldspar, 
since nephelite is absent, judging from tests on the rock powder. In places this 
interstitial substance is isotropic, these areas being usually roimd and probably of 
leudte, though their very small size renders identification difficult. Glass may also 
be present to a small extent, but coidd not be definitely established. 

Chemical composition. — But one analysis was made of • this type, hitherto 
unpublished: 

Chemical Composition of Foglianal Ciminose-auruncose [Leucite-tephrite]. 



SiO... 
Al,03 
Fe.Oa 
FeO.. 
MgO. 
CaO.. 
NaaO. 
K,0.. 
H,0 + 



52.37 0-873 
20.89 .204 



1. 21 
4-44 
1.74 
5.08 
2.90 

7-47 
1.46 



.008 
.062 
.044 
.091 
.047 
.080 



H.O- 
CO,. 
TiO, 
ZrO, 
P.O5 
SO3. 
MnO 
BaO. 



0-5I 
none 

1.15 
0.07 

o 51 
none 
n.d 
0.16 

99.96 



0.014 



.004 



Foglianal dminose-auruncose [leudte -tephrite]. Croce di San Martino, Monte Vico, Ciminian 
District H. S. Washington, analyst. 



Or 44.48) 

Ab 13.62 {•79.51 

An ai'4i ) 

Ne 5.94 5.94 

01 7.16 7.16 

Mt 1.86 3.99 

II 2.13 1.34 

Ap 1-34 

HaO, etc 2.20 

100.14 



85-45 



12.49 



Class 1^ - 6.84 

Fem 

F 
Order j- -13-38 

_ K.O^+Na,0 . 

^^8 CM' '-^5 

S"^"^"8 ^^ - '-70 
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This analysis is not specially noteworthy in itself. Although the magnesia 
may appear to be low for a rock which carries olivine, the norm shows that con- 
siderable of this mineral may be present, more, indeed, than exists modally. The 
norm is remarkable among the rocks of the region in showing no diopside, all the 
femic lime being taken up by apatite. The alkalicaldc subrang is in harmony 
with the predominantly calcic character of the feldspar. 

As regards its position in the quantitative classification the rock is an uncom- 
monly transitional one. It falls well within the perfelic order, notwithstanding 
the considerable amount of leucite, but in class is in dosalane close to the border of 
persalane, in rang is almost exactly on the border between the domalkalic and alka- 
licaldc rangs, and in subrang is dopotassic but very dose to the sodipotassic border. 
The proper symbol for its position then would be I-II. 5. 2-3. 3-2, and the name 
of the magma corresponding to this would be extremely imwiddy. It seems 
best, therefore, to indicate in the magmatic name the two divisions in regard to 
which it is most transitional, so that the name of ciminose-auruncose has been 
sdected. 

Mode. — On account of the very fine grain and confused arrangement of the 
groundmass constituents only the phenocrysts could be estimated optically. Under 
these drcumstances the calculation of the mode from the norm is unsatisfactory 
and must be based on several assumptions which may be only approximatdy cor- 
rect. These were that about 5 per cent of leudte is contained in the groundmass, 
that the composition of the soda-lime fddspar phenocrysts is different from the 
fddspar of the groundmass, and that the amount of olivine is about 2 per cent. 
Making these assumptions, and with due regard for the optically estimated rdations, 
we obtain the following mode: 



Orthoclase, OriAbx 22. 2 

Andesine, AbxAni 29.0 

Labradorite, AbiAna 6.6 

Leudte 25 . 5 

Augite 9.1 



Olivine 2.3 

Ores 4.0 

Apatite 1.3 



While this mode can not be regarded as more than a rough approximation, it is 
probably not very far from the actual facts. Compared with the norm, the mode 
differs mainly in the replacement of some of the orthoclase and all of the nephelite 
by leudte and in the existence of augite instead of olivine, very little of which is 
present modally. Taking these into consideration the type may be called an augitic 
leudte-salphyro-ciminose-aunmcose. 

Occurrence. — ^So far as known this type occurs only at one locality, a somewhat 
vesicular flow at the Croce di San Martino, on the northwest crest of the Vico crater 
ring, in the Ciminian District. 

Name. — ^The derivation of the subrang name, auruncose, will be explained on 
a later page, while the type adjective is derived from Monte Fogliano, the west- 
em summit of the Vico Volcano. 
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In the prevailing systems of classification the rocks of this type would best be 
called leucite-tephrite, on account of the preponderance of labradorite over ortho- 
dase among the phenocrysts, as well as because there is somewhat more soda-lime 
feldspar than alkali feldspar in the mode. 

POOUANAL CIMIN0SB-AURUNC08B. II. B. 2-3. 2. 

Megascopic characters. — Dark gray, sprinkled with numerous white phenocrysts of leudte. 
Leudte phenocrysts very abundant, i to 5 mm., white, euhedral, conspicuous. Feldspar pheno- 
crysts very few, small, inconspicuoiis. Augite phenocrysts few, prismatic, black, inconspicu- 
ous. Groundmass dark g^y, aphanitic. 

Microscopic characters. — Holocrystalline, mediophyric, dopatic. Phenocrysts: about 30 per 
cent, leudte, labradorite, orthoclase, augite. Groundmass: about 70 per cent, andesine, ortho- 
clase, augite, leudte, olivine, magnetite, apatite. Fabric felted or hyalopilitic ( ?). 

Orihoclase, OriAbi. — ^Phenocrysts: about 2 per cent, 0.5 to i.o mm., subhedral, stout 
prismatic, inclusions rare. Groundmass: about 20 per cent, part anhedral prismatic, o.oi to 
0.05 mm., part as interstitial cement. 

Andesine^ AbjAni. — Groundmass: about 30 per cent, 0.02 to 0.05 mm., anhedral, part 
thin prismatic, part apparently as interstitial cement. 

Labradoritef AbiAn,. — Phenocrysts: about 7 per cent, 0.5 to 2.0mm., euhedral, stout 
prismatic, twinned, inclusions rare. 

Leudte. — Phenocrysts: about 20 per cent, i to 5 mm., euhedral to subhedral, equant trape- 
zohedra, often dustered, inclusions few. Groundmass: about 5 per cent, 0.02 to 0.05 mm., 
anhedral, equant, indusions few. 

Augite. — Phenocrysts: about i per cent, 0.5 to i.o mm., subhedral, stout prismatic, pale 
greenish yellow, nonpleochroic. Groundmass: about 8 per cent, 0.005 to 0.02 mm., anhedral, 
prismatic and equant, colorless. 

Olivine. — Groundmass: about 2 per cent, o. i to 0.5 mm., subhedral, stout prismatic to 
equant, colorless. 

Magnetite. — Groundmass: about 4 per cent, 0.005 to o.oi mm., anhedral, equant 

Glass. — Groundmass: a very little may be present, but is not easily recognized. 

Chemical composition and norm as on p. 80. 

Type specimen from Croce di San Martino, Vico Volcano, Ciminian District 

II. 5. 2-3. 2. Teanal Ciminose-Auruncose [Lettcite-Tnich3rte, Teaoo Type]. 

Megascopic characters, — ^Rocks of this type are rather light gray and porphy- 
ritic, the phenocrysts of leudte, biotite, and augite being small and not very abundant. 
The grayish leudte phenocrysts vary from i to 5 mm. in diameter, are sub- 
hedral to anhedral, and not very conspicuous. Those of the alferric minerals are 
smaller, seldom over 2 mm. in length, and black, the biotite in thin tables and the 
pyroxene in slender prisms. The compact, mediimi gray groundmass is aphanitic. 
In the field these rocks would be called biotite-leudte-leucophyres. 

Microscopic characters, — In thin section the following minerals are seen to be 
present: Alkali feldspar, soda-lime feldspar, leucite, augite, biotite, ores, and apatite. 
The two feldspars are present in about equal amount and together make up about 
half the rock. As subhedral, stout prismoidal phenocrysts they are rare, being 
for the most part in the groundmass as anhedral patches and small laths, the former 
mostly of the alkali, and the latter of the soda-lime feldspar, though it is not always 
possible to distinguish clearly between them, except by the refractive indices, on 
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account of the comparative rarity of multiple twinning in the plagiodase. The 
subhedral leudte phenocrysts carry few inclusions and call for no conunent, except 
that they are not very abundant. The greater part of this mineral is in the ground- 
mass, in very small, spheroidal anhedra, these and the phenocrysts both showing 
twinning lamelke with the selenite plate. The augite phenocrysts and the ground- 
mass prismoids are of the usual variety, subhedral and very pale gray in color, with 
few or no inclusions. Biotite exists only as small tabular phenocrysts, of a pale- 
brown color, pleochroic, and for the most part deeply altered. The amount of 
magnetite is small, and the greater part is foimd as small anhedral grains scattered 
through the groundmass, though there are a few small phenoaysts. A little apatite 
is present in small prisms. Olivine is wanting, and neither nephelite nor glass could 
be detected. 

Chemical ComposUion, — ^A specimen of this type from below Orchi was chosen 
for analysis, as it seemed to be fresher than those from near Teana The analysis 
has not hitherto been published. 

Chemical ComposUion of Teanal Ciminose-auruncose [Leucite4rachyie\ 



SiO.... 
AI.O3.. 
Fe,03 . 
FeO... 
MgO.. 
CaO... 
NaaO.. 
K,0... 
H.O+. 
H,0-. 



50.86 
18.48 
4.03 
3-45 
2-55 
7-77 
2.23 

71S 
I-5I 
0.16 



.048 
.064 
• 139 
•03s 
.077 



CO... 
TiO.. 
ZrOa.. 
P.O5.. 
SO3... 
MnO. 
BaO.. 



none 

1. 00 

0.02 

0.46 

none 

n.d. 

0.17 

99.84 



0.013 
.003 



Teanal auruncose Qeudte-trachyte]. Below Orchi, Auruncan District. Washington, anal3rst. 



Norm. 

Or 4281 

Ab 6.81 

An 19.18 

Ne 6.25 6 

01 1.04 r* 

Mt 5 ' 

n 

Ap 1 . 02 



Ratios. 



68.80^ 
6.25) 



Class.. 



1.98 J 



7.78 
1.02 



75.05 



23.06 



Order. 



Rang. 



Rest. 



98.11 
. 1.86 

99-97 



Subrang . 



Sal 
Fern 



^ - 3.26 



F 
L 

K.O'+NaaO' 



CaO' 



— 1.62 



K,0' 
Na.O' 



The general similarity of this analysis to that of the orvietal type next to be 
described is qmte close. The analysis of the teanal auruncose shows that this 
type is well within the borders of class, order, and subrang, but so close to 
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the border of the domalkalic rang that the type is really transitional and the 
magma a dminose-auruncose. This is in harmony with the facts noted below 
that the orvietal auruncose woidd be termed leudte-tephrite in prevailing systems, 
on account of the more prominent labradorite, while the teanal type, in which the 
soda-lime fddspar is less important, would rather be called a leudte-trach3rte. 

Mode. — ^The mode of this type could be measured microscopically very satis- 
factorily, except that the groundmass f ddspars had to be lumped together. The 
readjustments of the normative molecules to calculate the mode offered no points of 
difficulty or spedal interest, the measured amoimt of leudte being assumed, and 
otherwise the calculations being carried out as in previous cases. 



Orthodase, Or, Ab, . . 
Labradorite, AbiAiia. 

Nephelite 

Leudte 

Augite 

Biotite 

Magnetite 

Apatite 



Calotlated. 



MZASUYKD. 
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30.0 1 




24.5 " 


58.0 X 2.6 - 150.8 53.8 


0.9) 




'S'' 


17.3 X 2.5 - 43.3 15.4 
172 X 3.3 - 56. 8 20.3 


18.3 


2.3 


4.1 X 2.9 - II. 9 4.2 


5-3 


3.4 X 5-2 - 177 6.3 


I.O 





280.5 100. o 



The two agree very well, though the calculations show that a very small amount 
of nephelite is probably present, which might easily escape detection. The error 
due to overlapping of the colored minerals is noticeable, but not serious. The cal- 
culated amount of biotite is that derived from all the normative olivine, and it is 
notably less than the measured. The discrepancy is to be attributed to the general 
and profound alteration of the biotite tables to a fine-grained aggregate of augite 
and magnetite, which were measured with the imaltered portions as biotite. As 
compared with the norm, leucite is the critical mineral and biotite the varietal, 
and as the fabric of the groundmass is granular rather than trach3rtic, the type may 
be described as biotitic leudte-graniph)nro-dminose-auruncose. 

Occurrence, — ^The only known occurrences of teanal auruncose are in the 
Auruncan District, where it seems to be fairly common. Spedmens were obtained 
in the southeastern part near Teano, as at Tuoro, as well as below Orchi, on the 
northern slope of the volcano. 

Name. — ^As mentioned above, the subrang name is derived from that of the 
district where it seems to be most abundant. That of the type comes from the 
town of Teano, near which the type is met with. 

In the prevailing classifications these rocks could be called either leudte-teph- 
rites or leudte-trachytes, but as the alkali-fddspar is the more prominent, the name 
of leudte-trachyte would seem to be the most appropriate, and was the one given 
the type in a former description. 
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TBANAL CIM1N05E-AURUNC0SB. II. 5. 2-3. 2. 

Megascopic characUrs. — Medium gray, compact, porphyritic. Feldspar and leucite pheno- 
CTjsts few, I to 5 mm., white, not veiy conspicuous. Augite phenocrysts few, i to 2 mm., pris- 
matic, black. Biotite phenocrysts few, i to 4 mm., thin tabular. Groundmass, gray, aphanitic. 

Microscopic characUrs. — ^Holocrystalline, mediophyric, perpatic to dopatic. Phenocrysts: 
about 15 per cent, leucite, biotite, orthoclase, labradorite, augite. Groundmass: about 85 per 
cent, somewhat interstitial fabric, orthoclase, labradorite, leucite, augite, magnetite, apatite, 
nephelite. 

(Mhoclase, OraAb,. — ^Phenocrysts: about 2 per cent, i to 2 nmi., subhedral, stout pris- 
matic, untwinned. Groundmass: about 28 per cent, 0.05 to 0.20 mm., anhedral, irregular 
patches, sometimes interstitial. 

Lahradarile, AbiAn,. — ^Phenocrysts: about 2 per cent, i to 2 nmi., subhedral, stout pris- 
matic, twinned. Groundmass: about 22 per cent, 0.02 to o. 10 mm., subhedral, thin prismatic, 
twinned, arrangement diverse. 

Leucite. — ^Phenocrysts: about 4 per cent, i to 5 mm., subhedral, equant, inclusions few. 
Groundmass: about 12 per cent, 0.05 to o. 10 mm., anhedral, spheroidal, few inclusions. 

Nepheliie. — Groimdmass: about i per cent, anhedral, interstitial, difficult to detect. 

Augite. — ^Phenocrysts: about 5 per cent, 0.30 to 2.0 nmi., subhedral to anhedral, stout 
prismatic to equant and irregular, pale greenish-gray, few inclusions. Groimdmass: about 
13 per cent, 0.02 to o. 10 nmi., subhedral, prismatic, very pale greenish-gray. 

Biotite. — Phenocrysts: about 4 per cent, i to 4 mm., subhedral, thin tabular, brown, 
usually much altered. Groundmass: none. 

Magnetite. — Groundmass: about 5 per cent, o.oi to 0.02, anhedral, equant. 

Apatite. — Groundmass: about i per cent, 0.02 to 0.05 mm., subhedral, prismatic. 

Chemical composition and norm as on p. 83. 

Tjrpe specimen from below Orchi, Auruncan District 

II. 5. 3. 2. Orvietal Auruncose [Leudte-Tephrite, Orvieto Type]. 

Megascopic characters. — These rocks are of a uniform ash-gray color, and differ 
fix>m those yet described in being entirely devoid of phenocrysts. They are, how- 
ever, not aphanitic, since the mineral particles are distinguishable to the naked eye, 
on close inspection, as white and dark, the former predominating. 

Microscopic characters. — Study of the thin sections shows that micropheno- 
crysts are almost entirely wanting, only very few individuals of augite and an excep- 
tional one of feldspar attaining dimensions notably greater than others, and the 
length even of these is seldom more than 0.5 mm. The texture shows no marked 
hiatus in the sizes of the particles, and the extreme limits in size of the various 
minerals are approximately the same. The fabric is intersertal, through the diverse 
arrangement of the feldspar laths. 

The feldspar, which constitutes about 50 per cent of the rock, is in part a sodic 
orthoclase, in untwinned anhedra, up to 0.4 mm., in length. The borders are very 
irregular, and this mineral plays the r6le, to a large extent, of mesostasis for the 
other constituents. There is about an equal amount of labradorite, with the avefage 
composition Ab^Auj, in small plates and laths, which exhibit the usual multiple 
twinning. Leucite is quite abundant, about 16 per cent, in equant anhedra from 
0.05 to o.a nmi. in diameter, which often carry a few inclusions of colorless augite 
either centrally or zonally arranged. The augite, which forms about one-fifth of 
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the rock, is of the usual very pale gray and for the most part in subhedral to anhedral 
prismoids of about the same size as the leudtes. Brown biotite is present in very 
subordinate amount, not over 4 per cent, in the form of small, irregular patches 
between the subhedral minerals, not that of tabular phenocrysts. About the same 
amount of magnetite occurs in the customary small grains. A little olivine was 
found in small crystals, and there is a very httle interstitial nephelite cement, the 
last product of solidification. 

Chemical composition. — ^An analysis was made of a specimen from the massive 
flow on which the town of Toscanella is built, taken from below the town in the 
ravine of the Marta, near the west gate. The analysis does not call for much 
comment here. It will be noticed that the silica is qmte low, as well as the potash, 
while the lime is rather high. 

Chemical Composilon of OrvieUil Auruncose [LeuciU4ephrUe\ 



SiOa . . 
AlaOa . 
FcOj.. 
FeO... 
MgO.. 
CaO .. 
NaaC. 
K.O .. 

HaO + 

HaO- 



I. 



51-21 

18.28 

307 

4.19 

3.47 
7.86 

2.49 
6.60 
0.56 
0.16 



0.854 
.179 
.019 

.140 
.040 
.070 



CO... 
TiOa. 
ZrOa. 

PaO,. 

S03.. 

s .... 
MnO. 
BaO . 



none 

1.43 
none 

0-35 
none 
none 
n.d. 
o.io 

99-77 



0.018 



.003 



Orvietal auruncose [leucite-tephrite], Toscanella, Vulsinian District Washington, anal3rst 



Norm. 



Ratios. 
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Ne. 
Di . 
01 . 
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•13-56 
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4- 41 . 
2-74] 
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Class 



66 



17.14 



8.17 



Order. 



Sal 
Fern 

F 
L 



— 2.91 



-10.53 



25-31 



98.97 
. 0.82 

99-79 



Rang . . . 
Subrang . 



KaCy+NaaO' 



CaO' 



KaCy 
NaaO' 



-— 1.24 



- 1.75 



Mode, — ^The mode of the Toscanella rock was determined both by Rosiwal's 
method and by calculation from the norm. In the former the amounts of leudte 
and biotite could be measured with a very considerable degree of exactness, while 
the two feldspars and the nephelite were necessarily measured together, as was the 
case with the augite and olivine. In calculating the mode from the norm, therefore, 
the measured amounts of leudte and of biotite were assumed to be correct, as some 
such assumptions were necessary to distribute the potash between orthodase, leudte, 
and biotite, and the normative olivine molecules between modal biotite and olivine. 
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The distribution of the soda was fixed by the composition of the plagioclase 
and the use of the usual equations. 




MZASUKED. 




Vol.%. Sp.gr. 


Wt% 


62.2 X 2.6 — 161. 7 
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17.4 X 2.5 - 43-5 
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Orthoclase, Or,Ab,.. 
Labradorite, AbaAiij 

Nephelite 

Leudte 

Augite 

Olivine 

Biotite 

Magnetite 

Apatite 



The two modes resemble each other very closely, except that in the calculated 
one the amount of magnetite is considerably greater than in the measured. As 
compared with the norm, the only difiFerence of importance is the modal presence 
of leudte, which replaces much of the orthoclase and changes most of the normative 
nephelite to albite. The readjustments involved by the presence of augite and 
biotite are small and negligible. The type may therefore be described as leucite- 
grani-auruncose. 

Occurrence. — Orvietal auruncose is a rare rock, the only known example 
forming flows near Toscanella, in the Vulsinian District. It very probably occurs 
elsewhere in the same district, and possibly in the Auruncan, but no other rocks of 
similar type can, as yet, be definitely referred to this magma. 

Name, — ^The name of the subrang is derived from the Auruncan District, 
where this magma seems to be common, though usually of another type. The 
type name is derived from the city of Orvieto in the Vulsinian District, near which 
a homologous type of the vicose magma is met with. 

In the prevailing systems of classification the type would be called a leudte- 
tephrite, as stress is laid espedally on the soda-lime feldspar. 

ORVIBTAL AURUNCOSB. II. 5. 3. 2. 

Megascopic characters. — ^Light gray, compact, aphyric, very fine-grained, phanerocrystalline. 

Microscopic characters. — ^Holocr3rstalline, serial heterometric. Orthoclase, labradorite, 
leudte, augite, biotite, olivine, ores, nephelite, apatite. Fabric subintersertal. 

Orthoclase^ Or,Ab,. — About 25 per cent, 0.05 to 0.40 mm., anhedral, irregular patches, 
largely intersertal, untwinned. 

Labradorite^ AbaAns- — About 28 per cent, o.io to 0.40 mm., subhedral to anhedral, 
tabular, twinned, arrangement diverse. 

Leucite. — About 16 per cent, 0.05 to 0.20 mm., anhedral, equant, small inclusions of 
augite, zonally or centraUy arranged. 

Nephelite. — ^About i per cent, anhedral, interstitial cement. 

Augite. — ^About 17 per cent, 0.05 to o. 20 mm., subhedral to anhedral, prismatic to equant, 
pale gray, no inclusions. 
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BitHU. — Abovt 4 per om, 0.95 to o. loauu askednl, incgBlar pslclies, palebcown, 
pfeochraic 

MsgwitMU, — ^Aboat 4 per czot, 0.03 to 0.05 bub., askednl, cqaaat. 
Ap^HU. — Aboot I per ceat, 0.05 too. 10 bub., wmbktdnX^ prwmlir 
Chrmiral coraposstkn and mfm as ob pL 86l 
Type spedmen from bdov ToTinrlU, V«lsaiaa Dstikt. 

Megascopic ckarmcUrs. — This rock, which is onhr met with in the r^;ioii as a 
domal eruption^ is highhr porphvritic, showing manj small, glistening, black tables 
of biotite and small grecnish-bladL augite prisms, with numerous, but much less 
conspicuous, small, stout prisms of feldspar in a verr hnc-grained, phanerocrystalline 
groundmass, which is very l^^t grav, but with a sfig^tlj pinkish tone. The fidd 
name for the type would be biocite leucophrre. 

Microscopic ckaracUrs. — The most abundant phenoarysts are alferric, of a 
greenish-brown biocite in thin tables, which are fresh in the interior but with a thin 
border of alteration products, and of subhedral, stout prismoids of the usual augite, 
though its color is apt to be shghtly more green than in the types just described. 
Phenocrysts of feldspar are rather less numerous, thou^ conunon, and consist of 
both labradorite (Ab^An^) and soda-orthodase. These are subhedral, stout prisms, 
whose average lengths, like those of the alferric phenocrysts, run from 0.5 to i nun., 
seldom being greater than 2 mm. 

The groundmass in which these lie b very largely composed of slender laths of 
feldspar, here mosdy soda-orthodase, with less labradorite, these being arranged 
fluidaUy, so that the fabric is a t^-pical tradiytic one. With them are small augite 
prismoids, small magnetite anhedra, and very few apatite needles. All these lie in 
a clear, colorless base, which is not isotropic, but which everywhere shows a distinct, 
though somewhat faint, birefringence. As will be seen later, y/hea the norm and 
the mode are discussed, this base is in all probability either quartz or a mixture of 
quartz and alkali-feldspar. 

Chemical composition, — An anal><^s of this type, made several years ago, is 
here repeated with additional determinations. For comparison there is also given 
an anal3rsis of another type of shoshonose from Radicofani, the magma of which is 
probably connected with the Vulsinian District 

Chemical ComposUUm of Monjinai Shoshonose [BtoiiU-iaiite]. 
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NonS EXPLANATOKY OV PlBCEDIMO TaBLX. 

I. Monfinal shoshonose [biotlte-vulsinite]. Monte Santa Croce, Aunmcan District. Wash- 
ington, anal3rst Jow. Geol., V, 1897, p. 252. 
n. Radicofanal shoshonose [andesite]. Radicofani, Tuscany. Washington, analyst. Am. Jour, 
Set., IX, 1900, p. 52. 
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From the norm of I it is dear that the Santa Croce rock is well within the bor- 
ders of all the magmatic divisions, or, in other words, is an almost central shoshonose. 
The Radicofani rock, on the other hand, which carries augite and very little olivine 
as alferric minerals, but no biotite, is evidently richer in these, as it is almost in the 
salfemane class. It will be noted also that the monfinal type shows an excess of 
silica, appearing as normative quartz, while the radicofanal has deficient silica, 
giving rise to some normative olivine. 

Mode. — The mode of this type could not be determined by Rosiwal's method, 
on account of the very fine grain and the mineralogical character of the groundmass, 
though the relative amoimts of the phenocrysts, including all of the biotite, were 
estimated with accuracy, the results of which appear in the formal description. 
In calculating the mode from the norm by readjustment the observed amoimt of 
biotite was taken as a starting-point. That this is probably correct is shown by the 
fact that this amount takes up all of the normative hypersthene, with ^silica lowered 
to form olivine (3.84 per cent), which with an almost equal amoimt of leudte (3.5 
per cent), assumed to form biotite, makes just 7.3 per cent of this mineral. The 
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silica thus set free in the formation of biotite from the more highly silicated minerals 
hypersthene and orthodase, having nothing to combine with, must be present as 
quartz or as a quaric glass. 

QuarU 6.8 

OrlKoclMe, Or.Abi 33.3 

Labradorite, AbaAiij 34. i 

Augite 12. 1 

Bknitr 7.3 

Ores 6.0 

Apatitr 0.4 

100. o 

Fn)m the above it is clear that a certain amount of quartz must be present in 
the rui^k, and this is to be looked for in the rather ill-defined, colorless, anisotropic, 
intersititial Imse already mentioned. The fddspar laths and what are clearly anhedra 
of orthcK'luse are so closely juxtaposed that study of this base is difficult, but the 
mean index of refraction appears to lie between those of orthodase and labradorite 
and the nnrk does not furnish any gelatinous silica on treatment with add. The 
mcMle as thus calcuktcd corresponds with the thin sections of the rock as wdl as 
can l>e estimated, and may be considered as dose to the truth. 

The variation of the mode fixim the norm appears chiefly in the presence of 
biotite, the other readjustments being of minor importance. The type may there- 
fore Im* desiTibed as a biotite trachiphyixvshoshonose. 

OirMiTWk-e.— This tyj>e is a decidedly rare one, occurring only in the Aur\mcan 
District, and here only at the central dome of Monte Santa Croce, which is com- 
posed ap|>arently entirely of it, and at the adji>ining small hill of Monte Lattani in 
an altered condition. 

Name. — The name of the subrang is deri\*ed from that of Iddings's group of 
shoshonites, many of which fall here. The t}'pe name is deri\*ed from that of the 
volcano of Rocca Monfina. itself so called from the name of the village at the foot 
of Monte Santa Cixky, where the type occurs 

In the prevailing s>'stems of classification the tN-pe has been assigned to very 
different ^)ositions. Called a trach^tloterite by Abich, as far back as 1841, it is 
considered by PiUa, \\>m Rath, and Roth to be a tradi>-te, while Bucca regvds it as 
an augite-andesite. In a former description I bestowed the name of biotite-vulsinite 
upon it, to indicate at the same time its chemical rdation to the vulsinites and its 
mineralogical di\*ergence; and this would seem to be an appropriate name, though 
it would best be called a biotite>latite. 

MONPINAL SnOSNONOSE. tt. S. 1. 1. 

Mfgas(0^ ck^tracters, — Light gray, sometimes with pinkish tinge, compact, poqihyritic. 
.\ugite phenocn-sts common, black or greenish^black. small prisms. Biotite pheiioci3rsts, com- 
mon and conspicuous^ black, glistening, small ubles. Feldspar pheoocnrsts lev, soiall, white, 
prismatic, inconspicuous. Groundmass, fine-grained. phanerociystalUDe. 

Specific grarity-2.717. 
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Microscopic characters. — Holocrystalline to perciystalline, me<iiophyric,"dopatic. Pheno- 
crysts: about 30 per cent, aug^te, biotite, labradorite, orthoclase. Groundmass, about 70 per 
cent, orthoclase, labradorite, augite, magnetite, apatite, and a coloriess base, sometimes aniso- 
tropic, occasionally isotropic. Fabric trachytic. 

Orthoclase f OraAbi. — Phenocrysts: about 4 per cent, 0.30 to i mm., euhedral to sub- 
hedral, stout prismatic, sometimes twinned, inclusions often zonaUy arranged, few. Ground- 
mass: about 30 per cent, 0.03 to o.i mm., subhedral to anhedral, slender prismatic and 
interstitial. 

Labradoriie, AbaAnj. — Phenocrysts: about 7 per cent, 0.50 to 2.0 mm., euhedral to sub- 
hedral, stout prismatic, twinned, inclusions as in orthoclase. Groimdmass: about 25 per cent, 
0.03 to o.iomm., subhedral slender prismatic, twinned. 

Augite. — ^Phenocrysts: about 8 per cent, 0.5 to 2.0mm., euhedral to subhedral, stout 
prismatic, pale greenish. Groundmass: about 5 per cent, o.oi to 0.05 mm., subhedral, pris- 
matic, veiy pale greenish. 

Biotite. — ^Phenocrysts: about 8 per cent, o. 5 to 2 . o mm., subhedral, stout tabular, brown 
or greenish brown, usually altered on edges. Groundmass: none. 

Magnetite. — Groundmass: about 5 per cent, o. 01 to o. 10 mm., anhedral, equant. 

Apatite. — Groimdmass: about i per cent, 0.02 to 0.05 nun., subhedral, slender prismatic. 

Base. — Groimdmass: about 10 per cent, coloriess, usually indefinitely anisotropic or 
microfelsitic, sometimes isotropic, probably composed of quartz and orthoclase, does not gela- 
tinize with acids. 

Chemical composition and norm as on p. 88. 

Type specimen from Monte Santa Croce, Auruncan District. 

II. 6. 2. 2. Poslianal Vicose [Leuclte-Tdphrite, Viterbo Type]. 

Megascopic characters. — ^This type in the hand specimen resembles the viterbal 
vuLsinose and dminose previously described so closely that it is quite impossible to 
distinguish them in the field. It shows the same characteristic viterboid habit, 
very abundant large phenocrysts of leudte in a light gray groundmass. The leu- 
dte phenocrysts are from 5 to 20 nmi. in diameter as a rule, but may run up to 50 
nun., and are highly euhedral in well-formed trapezohedra, sometimes fragmentary, 
either white or grayish, and often showing small dark indusions. With these are few 
small black prismatic phenocrysts of augite, with still more rare prismatic pheno- 
crysts of fddspar. The groimdmass is of a rather light gray, and is either quite 
aphanitic or very fine-grained phanerocrystalline, only the distinction between the 
light and dark minerals being evident. 

Microscopic characters. — ^In the thin section the large leudte phenocrysts 
exhibit the double refraction and twinned structiure very clearly, and the rather 
numerous indusions are seen to be of augite, magnetite, labradorite, and glass, 
commonly clustered toward the center. The few feldspar megaphenocrysts visible 
are mostly of a labradorite of about AbiAn,, in stout subhedral prisms, much 
twinned, while the phenocrysts of augite are in stout, subhedral prismoids, from 
0.5 to I mm. long, often fragmentary, and of the usual pale-gray or slightly greenish 
color. 

The groimdmass in which these lie is holocrystalline typically, though a little 
glass base may be present in some cases. The fabric varies somewhat, but is usually 
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rather granular, in some specimens rather felted, and its grain is also variable, the 
more granular fabrics being foimd in the groundmasses with the coarser grain. 
Microphenocrysts of leudte are common in the groimdmass, in anhedral, usually 
rounded and occasionally irregular individuals, which show but faint double refrac- 
tion and carry few inclusions. Microphenocrysts of feldspar are quite common. 
These are soda-orthoclase, which sometimes shows a moii6 appearance, and of lab- 
radorite. The relative amounts of these vary in different specimens; in some cases 
those of alkali-feldspar surpassing those of labradorite, as in the specimen from 
Monte Fogliano, while again the reverse is true, as in the rock from Monte San 
Antonio. The micro-groimdmass shows numerous, anhedral prismoids and grains 
of augite and very few small, irregular grains of olivine. It is composed in large 
part of feldspar, apparently almost entirely a soda-orthoclase, which is sometimes 
in small laths with a felted fabric, and again in formless anhedra, both forms occur- 
ring together as well. There are the usual small magnetite grains and some small 
apatite needles. A small amount of interstitial nephelite is seen in some specimens, 
which is replaced in others by an equally small amount of glass base which is deter- 
minable with difficulty. 

Chemical composition. — ^Two analyses were made of this type, neither of which 
has been published hitherto. With them in the table is repeated for comparison 
the analysis of the viterbal vulsinose from the Vico Volcano. 

Chemical Composition of Foglianal Vicose [Leucite-uphriU]. 
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I. Foglianal vicose [leudte-tephrite]. Monte Fogliano, Vico Volcano, Ciminian Dbtrict. 
Washington, analyst. 
II. Foglianal vicose [leucite-tephrite]. Monte San Antonio, Auruncan District. Washington, 

analyst. 
III. Viterbal vulsinose [leucite-trachyte]. Sorgente di Grignano, Vico Volcano, Ciminian 
District. Washington, analyst. 
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I. 
-6.00 
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5.36 



-S.49 184 



K,0^4-Na,0^ 

CaO' 
K,0^ 
Na.O' 



-4.65 
-a. 36 



a. 41 



332 



The analyses are remarkable for their figures for potash, which are among the 
highest recorded for this constituent. Those of foglianal vicose resemble each other 
closely, the chief difference being in the silica. The analyses in I and III are mark- 
edly similar, the percentages of potash, soda, and ferric and titanic oxides being almost 
duplicates, while those of ferrous oxide, magnesia, and lime do not differ much. 
But in I both silica and alumina are lower by rather more than i per cent, and it is 
due to this, as well as to the fact that the differences in other constituents, while 
slight, all work out in the same classificatory direction, that the rock represented by 
I falls in the dosalane class and the lendofelic order. Examination of the norms 
and ratios shows that both of the specimens of vicose fall well within all the classifi- 
catory divisions, though II is rather close to the border of the lenfelic order, but not 
enough so to be considered transitional. 

Mode. — In neither case could the mode be determined satisfactorily by Rosi- 
wal's method, owing to the fine grain, the fabric, and the mineral composition of 
the microgroimdmass, though the relative amounts of the phenocrysts could be 
easily estimated, with the results foimd in the formal description. On the other 
hand, the mode could be calculated from the norm with ease, the usual procedure 
being followed. The results of these calculations of the two rocks are: 



I. n. 

Soda-orthoclase, Ori Aba ..32.0 13.5 

Labradorite, AbiAna 11. 6 23.8 

Leudte 40.6 44.2 

Nephelite none i . 7 

Augite II. 2 7.9 



Olivine 2.0 

Magnetite 2.2 

Apatite 0.3 



XL 

4.2 

3.8 
0.9 



100. o 100. o 
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The two modes are closely alike in all respects, except as to the relative amounts 
of the two feldspars. Indeed, the divergence is so great that they should strictly be 
regarded as two distinct types. But considerations of the inadvisability of making 
the types too numerous at this stage has resulted in the final decision to throw them 
both together, leaving their separation to the future if the need for this is felt. It 
is, however, to be noted that the diflFerence in mode shown above is evident in the 
thin sections, those of the Auruncan rock (II) showing more abundant labradorite 
than the other. 

The composition of the alkali-feldspar is a striking feature, the albite molecule 
in each case being double that of the orthoclase. This is a decidedly unusual com- 
position for the alkali-feldspars of the region, which usually have the orthoclase 
molecule predominant over that of albite. It is difficult to check this calculated 
composition by optical means, on account of the small size of the groimdmass laths, 
the absence of twinning, and the frequency of formless anhedra, but such measure- 
ments as were made would seem to confirm it, and it will be remembered that the 
larger alkali-feldspars in these rocks show the moir^ appearance which is unusual 
elsewhere in this region. 

As compared with the norm, the only diflFerence of importance is the replace- 
ment of normative nephelite by modal leucite, and the consequent changes in the 
figures for orthoclase and albite. The type may then be described as leudte sal- 
phyro-vicose. 

Occurrence. — This type is a rather common one, being found in the four largest 
districts. In the Vulsinian District the most prominent locality is a flow above 
Santa Trinitd, near Orvieto, but not the one whence came the specimen described 
by Klein.* In the Ciminian District the type is especially abundant, along with 
the homologous types of vulsinose and dminose, among the products of the Vico 
Volcano, as in the inner north wall, the Contrada di Merlano and the Villa di 
Buonrespiro on the northwestern slope, and as flows from Monte Fogliano on the 
western. In the Sabatinian District it was found at Lagosello, northeast of Lake 
Bracciano. In the Auruncan District it is quite common, spedmens having been 
obtained by me from Monte San Antonio, on the north wall, and occurring as well 
probably at Colle Friello, Fontanelle, and above San Martino, to judge from the 
descriptions of Bucca. 

Name. — The name of the subrang is derived from that of the Vico Volcano, 
where the magma is quite abundant and where one of the most prominent types 
occurs. The type adjective is derived from the name of the highest point of the 
Vico crater, Monte Fogliano, where the type occurs. 

In the prevailing systems this type has been very variously dassified, accord- 
ing to the personal bias as to the relative importance of the salic minerals, the names 
leucite-trachyte, leucite-tephrite, leudte-phonolite, and leucitophyre having been 
bestowed upon it by dififerent authors, and the name of leucite-basanite being also 

* Klein, Neu. Jakrb., B. B. VI, 1880, p. 19. 
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of possible application, on account of the olivine present. But the amounts of 
nephelite and olivine are so small as to be quite negligible in any system which 
rationally takes into account the relative amounts of the minerals, and the choice 
must depend on the relative amoimts of, and the importance attributed to, the 
soda-orthoclase and the labradorite. It has been shown above that in two speci- 
mens the relations of these are inverse, and that it might be advisable to distinguish 
two types, which would find expression in the prevailing systems in the names leucite- 
trachyte and leucite-tephrite. But in view of the facts that the soda-lime feldspar 
is rather more prominent, even in the rock in which it is subordinate in amount, 
the usual greater importance given to this feldspar, and the peculiar composition 
of the alkali-feldspar, which approaches an albite in composition, the name of 
leucite-tephrite would seem to be the most appropriate for the rock. Were a new 
name desirable for this type, which so much resembles the viterbal vulsinose and 
ciminose, that of vicoiU would be appropriate. 

FOOLIANAL YICOSB. II. 6. 2. 2. 

Megascopic Characters, — ^Ligfat gray, compact, highly porphyritic. Leudte phenocrysts 
very abundant, ahnost one-half of rock, 5 to 20 mm., or larger, euhedral trapezohedra, some- 
times fragmentary, white to very pale gray. Feldspar phenocrysts very few, 2 to 20 mm., stout 
prismatic, coloriess. Augite phenocrysts very few, i to 2 mm., prismatic, black. Groundmass: 
light gray, aphanitic or rarely very fine-grained phanerocrystalline. 

Microscopic characters. — Percrystalline, magnophyric, dopatic. Phenocrysts: 35 per cent, 
leucite, labradorite, augite, sometimes orthoclase. Groundmass: 65 per cent, microporphy- 
ritic, granular, sometimes partly felted fabric, orthoclase, labradorite, leucite, augite, olivine, 
magnetite, apatite, sometimes nephelite or glass base. 

Soda-orihoclase, OrxAb, to OrxAbj. — ^Phenocrysts: about 2 per cent, not alwa3rs present, 
5 to 20 mm., subhedral, stout prismoidal, Carlsbad twinning, few inclusions. Groundmass: 
15 to 30 per cent, o. 02 to o. 20 mm., subhedral to anhedral, in part tabular, in part as interstitial 
areas. 

Labradorite, Abi An^. — ^Megaphenocrysts: about 3 per cent, 5 to 20 nmi., subhedral, stout 
prismoidal, twinned, inclusions few. Microphenocrysts: from 5 to 20 per cent, o. z to o. 5 nmi., 
subhedral to anhedral, thick tabular, twinned. Microgroundmass: about 5 per cent, not 
always present, o . 02 to o . o . 10 mm., anhedral, tabular. 

Leucite. — Megaphenocrysts: about 30 per cent, 5 to 20 mm. or more, euhedral, equant 
trapezohedra, often fragmentary, twinned, inclusions common of augite, labradorite, magnetite, 
and glass, usually centrally arranged. Microphenocrysts: about 10 per cent, 0.05 to o. 50 mm. 
subhedral to anhedral, equant spheroidal, sometimes irregular, faint twinning, inclusions few. 

Nephelite. — Groundmass: 5 per cent to none, anhedral, formless, interstitial areas. 

Augite. — Phenocrysts: about 2 per cent, o. 5 to 2 .0 nmi., subhedral, stout prismoidal, gray 
to pale greenish-yellow, non-pleochroic, inclusions rare. Groundmass: about 10 per cent, 0.05 
to o. 20 mm., subhedral to anhedral, prismoidal to equant and irregular, coloriess or pale gray. 

Olivine. — Groimdmass: about 3 per cent, 0.02 to o. 10 mm., anhedral, equant, colorless. 

Magnetite. — Groundmass: about 2 per cent, 0.02 to 0.05 nmi., anhedral, equant 

Apatite. — Groundmass: about i per cent, o.oi to 0.05 mm., subhedral, thin prismoidal. 

Glass. — Usually none, sometimes up to 5 per cent, coloriess, difficult to detect. 

Chemical composition and norm as on p. 92. 

Type specimens from Convento di Sant*Angelo, Monte Fogliano, "^co Volcano, Ciminian 
District, and from Monte San Antonio, Aunmcan District. 
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II. 6. 2. 2. Bagnoreal VIcose LLeudte-Tephrite* Bagnoreft Type]. 

Megascopic characters, — ^In the hand specimen these rocks closely resemble 
the bagnoreal ciminose already described. They are medium gray, varying some- 
what in different specimens, but never becoming very light or very dark. While 
distinctly porphyritic, phenocrysts are few and inconspicuous. These are mostly 
of leucite, in subhedral crystals, from 3 to 10 mm. in diameter, usually of a very 
pale-gray color, often with a slightly yellowish tinge. Small prismatic phenocrysts 
of black augite are still more rare. In some specimens are one or two roimded 
patches (up to 5 cm. in diameter), of medium-grained aggregates of small leucite 
and augite grains, apparently early solidified segregations from the magma (enclaves 
hammoghnes). The groundmass is distinctiy phanerocrystalline and fine-grained, 
the separate particles of light and dark minerals clearly visible to the naked eye. 

Microscopic characters. — Studied in thin section the rare leucite phenocrysts 
show more or less irregular outlines, the crystal form not having been well developed. 
The double refraction and twinning are strongly marked, and inclusions are not 
conunon. The subhedrally prismatic augite phenocrysts are of the usual pale-gray 
color, though in some specimens there is a tendency to zonal growth, as shown by a 
slight deepening of the greenish tint toward the center or by progressive extinctions. 

The groimdmass is holocrystalline in nearly all the specimens examined, the 
fabric is intersertal, and it is composed in great part of leucite, partly in the form of 
small, subhedral spheroids, and partly in quite irregular anhedra. All these are 
clear and carry few if any inclusions. With these leudtes are many small feldspar 
laths, the majority being of a twinned labradorite about AbaAn3, with fewer of 
alkali-feldspar, which is also present to some extent as an interstitial cement in 
patches. The arrangement of these feldspar laths is diverse, producing an intersertal 
fabric. Small augites are also abundant in stout subhedral prismoids, often so short 
as to be almost equant. The gray color of this is also slightly more greenish than 
is usually true of the rocks of the region, though the absence of pleochroism indicates 
that it does not carry any of the aegirite molecule. Small magnetite grains and 
apatite prisms are present, both in rather greater amount than is usually the case 
in similar rocks elsewhere in the region, but no olivine could be detected. In some 
of the specimens there is some colorless nephelite as an interstitial base, the last 
product of solidification, while in a few this is partly replaced by a colorless glass, the 
amount of which, however, is never great. 

Chemical composition, — Of this type two hitherto unpublished analyses are given. 
In III is found an earlier analysis of the same specimen as that used for II, in which 
MgO was determined from loss, and with no determinations of TiOa and V^O^ 
As this was unsatisfactory, all the main constituents from silica to lime were rede- 
termined on another portion of the specimen, the determinations of the alkalis being 
accepted as correct; and these, with the additional determinations of the minor 
constituents, form the analysis in II. 
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• MsO by differenoe. 

I. Bagnoreal vicose [leudte-tephrite]. Poggio Cotognola, near Bracdano, Sabadnian Dis- 
trict. Washington, analyst. 
II. Bagnoreal vicose [leudte-tephrite]. Madonna dd Riposo, below Bracdano, Sabatinian 
District Washington, anal3rst 
III. Bagnoreal vicose [leudte-tephrite]. Madonna dd Riposo, below Bracciano, Sabatinian 
District. Washington, analjrst Jour, Geol., V, 1897, p. 49. 
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The two analyses I and 11 are very closely alike, especially in silica, ferrous 
oxide, and potash. The alumina in I is the higher by 2 per cent, and as this is 
accompanied by i per cent less of magnesia, the suspicion may present itself that 
»ome of the magnesia has been thrown down with the alumina. This analjrsis, 
however, i» the later of the two, and especial attention was paid at the time to this 
very \mnt Furthermore, it will be observed that the general character of I in other 
re»pectM is more salic than II, as shown by the slightly higher soda and lower 
ferric oxide, lime, titanium, and phosphoric oxide; and these chemical differences 
arc in harmony with the rocks themselves. The Cotognola rock (I) is very notably 
lighter in color, and the sections show somewhat less alferric and femic minerals 
than that from Madonna del Riposo (II). 

The analyncs in themselves call for no special comment. Silica is lower than 
In any rock fio far described here, and while potash is high, it is distinctly less so 
than In any previously described types of vicose. The magmatic positions shown 
by the norm arc in most cases well within the limits, except the ordinal position of 
II, which approachcH rather near that of the lenfelic order, but neither rock can be 
Juntly regarded an trannitional. 

On the baNin of the analysis shown in III the rock from Madonna del Riposo 
ha4 been aligned* to the Hubrang braccianose, II. 7. 2. 2. This was correct as 
liKiKKi on the analytical data then available, but the new analysis shows that the true 
|><mition U rather In vIcohc, II. 6. a. a, though, as we have seen above, somewhat 
tiear the border of the dlvlMion to which it was fiurst assigned. The change is brought 
liliout by Msvcral fac torn, each of nlight moment in itself, but all acting in the same 
dirmtion, the IncrcaMC In the figures for silica and magnesia, the decrease in alumina 
aiul lime, and the a<l(litional determinations of titanium and phosphoric oxides. 

Mode, -The mode of the Cotognola rock was calculated from the norm by 
readJuMtment of the mineral molecules, in the usual way. It was somewhat difficult 
to dlMtinguUh the colorless groundmass minerals with sufficient accuracy, so that 
the RoHlwal meth(Ml was not applied, though a rough estimate of the leucite present 
wan undertaken to use in the calculation. This amounted to 40 per cent by volume. 
Ah the RI|K)so rock is not holocrystalline, containing about 5 per cent of glass, its 
mode was not calculated, but it will resemble the other closely. 

Orthoclate, Or,Ab| 17.5 

Labradorite, AbgAn. 16.8 

Lcucitc 37 . 1 

Ncphclile 4.6 

Augitc 18.6 

Magnetite 4.4 

Apatite i.o 

100. o 

This mode shows the distinctly more alferric character of the type, indicated in 
the analysis by the lower silica and the higher bivalent metal oxides. The amounts 

• WMhingtoo, Prof. Paper U. S. Geol. Sunr. No. 14. 1903, p. 305. 
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of alkali and soda-lime feldspars are almost identical, leading to the uncertainty as 
to the classification under prevailing systems, though the difference in habit and 
prominence of the two in the groundmass reduces this to some extent. 

As in so many of the preceding cases, the modal divergence from the norm is 
brought about largely by the increase in leudte and decrease in orthoclase and 
iiq>helite, making leudte the critical mineral The type may therefore be described, 
as in the case of the two preceding, as leudte salphyro-vicose. 

Occurrence, — ^This type seems to be most abundant in the Sabatinian District, 
typical localities being flows at Madonna del Riposo, below the town of Bracdano, 
and at a quarry along the railroad below Poggio Cotognola, southwest of Bracdano. 
Some flows at Monte Bisenzo, on the south shore of Lake Bolsena, in the Vulsinian 
District, may also be referred here, and undoubtedly belong to the subrang of 
vicose, though most of them are so poor in phenocrysts as to belong rather to the 
ai^yric orvietal type to be described later. 

Name. — Both the subrang and type names have already been discussed. In 
the prevailing dassiflcations this type must be considered as a leudte-tephrite, in 
view of the mode and texture, since although orthoclase and labradorite are present 
in almost equal amounts, the latter is the more prominent in the sections and is 
usually given more weight in classification. 

BAONOREAL VICOSB. II. 6. 2. 2. 

Megascopic characters, — ^Medium gray, compact, slightly porphyiitic. Leudte pheno- 
cxysts few, 3 to lo mm., grayish, not very conspicuous. Augite phenocrysts rare, 0.5 to 2 mm., 
prismatic, black. Groundmass: medium gray, fine-grained, phanerocrystalline. 

Microscopic characters. — ^Holocrystalline, magnophyric, perpatic. Phenocrysts: 10 per cent 
or less; leudte, augite. Groimdmass: 90 percent or more, holocrystalline or perciystalline, 
intersertal fabric, leudte, orthoclase, labradorite, augite, magnetite, apatite, sometimes nephelite 
or glass. 

Orthoclase f OriAbi. — Phenocrysts: none. Groimdmass: about 18 per cent, in part o. i to 
0.5 nun., subhedral, tabular, with diverse arrangement, in part as anhedral, formless patches 
of interstitial cement. 

Labradorite, AbiAn,. — ^Phenooysts: none. Groimdmass: about 17 per cent, o.z to 0.5 
mm., thin tabular, twinned, arrangement diverse. 

Leudte. — Phenocrysts: about $ per cent, 3 to 10 mm., subhedral to anhedral, equant to 
irregular, twinned, inclusions rare. Groundmass: about 30 per cent, o. i to z .0 mm., anhedral, 
equant and irregular, few inclusions. 

Nephelite. — Groundmass: 5 per cent to none, anhedral, as interstitial cement. 

Augite. — Phenocrysts: about 3 per cent, 0.5 to 2.0 mm., subhedral to anhedral, 
prismatic and fragmentary, pale gray or greenish, non-pleochroic, inclusions few. Groundmass: 
about 15 per cent, o. i to 0.5 mm., subhedral to anhedral, prismatic to equant, pale gray or 
very pale greenish. 

Magnetite. — Groundmass: about 4 per cent, 0.02 to 0.05 mm., anhedral, equant to 
irregular. 

Apatite. — Groundmass: about i per cent, 0.05 to o.iomm., subhedral, thin prismatic. 

Glass. — Groundmass: 5 per cent to none, coloriess, difficult to detect. 
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Chemical composition and nonn as od p. 97. 
Type specimens from Poggio CotognoU and Madoooa del Riposo, near Bracdano, 

Sabatinian District. 

II. 6. 2. 2. Orvietal Vicose [Leydte-Teplirite, Orvleto Type]. 

Megasco^ characters, — ^In the hand specimen these rocks are quite indistin- 
guishable from the orvietal aunmcose described above. They are rather light gray 
basalts, almost, if not entirely, aphyric, the only phenocrysts being small prisms of 
dark-green augite, and even these being wanting in most specimens, and when 
present excessively scarce. The grain is distinctly phanerocrystalHne, but very fine, a 
lens being needed in most cases to distinguish between the light and dark minerals. 
Microscopic characters, — In thin section the texture is seen to be practically 
holocrystalline, though a very minute amount of glass may be sometimes present. 
The fabric is an intersertal one, due to the divergent arrangement of the labradorite 
laths. This labradorite, which gives extinction angles corresponding to about 
AbxAn,, is in thin plates, tabular parallel to h (010), and almost always multiply 
twinned. There are some tables of alkali-feldspar as well, but these are few, and 
for the most part this mineral is anhedral and interstitial between the other com- 
ponents. Leudte is abimdant, rarely in subhedral sphermds, and usually in irreg- 
ular anhedral patches, and later than the labradorite. Its double refraction is rather 
weak, and inclusions of the usual kind are not conmion and are seldom regulariy 
arranged. There is much augite, in subhedral or anhedral prismoids and grains, of 
a greenish-gray color and non-pleochroic This augite is often accompanied on the 
ends and sides by a later growth of a brown, pleochroic hornblende, which also 
forms separate anhedral individuals. The amount of this mineral, which may be 
referred to barkevikite, is very small. A little olivine is also seen, in small, anhedral 
grains, which is to be distinguished from the augite by its lack of color, as well as 
by its higher refractive index and birefringence. Grains of magnetite and small 
prisms of apatite are present in small quantity. There is also a very small amount 
of interstitial nephelite, with possibly a very little glass in some specimens; but the 
rock typically is holocrystalline. 

From the description just given it is clear that, with the exception of the presence 
of barkevikite, whose amount is so small as to be negligible in defining the type, 
this rock is essentially similar to the groundmass of the bagnoreal type described 
above. It may be regarded as the aphyric end of a textural series of types, of which 
the viterbal is the most porphyritic, and the bagnoreal intermediate. 

Chemical composUion.—The previously published analysb of this type is 
repeated here, with a number of additional determinations made recently. The 
present statement contains a correction in the amount of Na^O, as it was found, in 
going over the figures in the laboratory notebook, that a slip had been made in sub- 
tracting the weight of the KCl from that of the mixed NaCl+KCl, the weight of 
NaCl being given as 0.05673 grm., instead of 0.04673 grm., the true one. 
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Chemical Composition of Orvietal Vicose [LeuciU4ephriU\ 



lOI 



SiO,... 
AI.O3.. 
FcO,. 
FcO. . . 
MgO.. 
CaO... 
Na,0.. 
K,0... 
H.O+. 
CO,... 



50.24 
1-43 
2-54 
5.68 

3.65 
783 
♦2.4s 
7-45 
0.36 
none 



0.838 
.181 
.016 
.079 
.091 

•139 
.040 
.080 



TiO,. 
ZrO,. 
P.O5. 
SO3.. 

S 

MnO. 
BaO.. 
SrO.. 



1. 19 

none 


0.0x5 


0.47 
none 


.003 


none 
n.d. 




0.29 
trace 





100.58 



* Former fi8ure"*a.o7- 
I. Orvietal vicose peudte-tephrite]. Monte Cavallo, near Orvieto, Vulsinian District, 
ington, anal3rst Jour, GeoL, V, 1897, p. 370. 



Wash- 



Norm. 
Or 40.03 



RtUios, 




Class. 



Sal 
'Fem 



-2.54 



Order . 



Rang. 



Subrang. 



F 
L 

K,0^4-Na ,0^ 
CaO' 

K,0' 



-3-84 



— 1.97 



NaaO' 



100.71 



The analysis resembles that of the bagnoreal type, though potash is here some- 
what lower, and the general character slightly more femic. It will be noted that 
the correction of the figure for Na^O not only lowers the previous summation, 
which would be 101.03 with the additional determination of BaO, to a satisfactory 
figure, but also carries the magmatic position from sodipotassic borolanose (II. 6. 
2. 3), where the type was formerly reckoned as belonging,* to the dopotassic subrang 
vicose (II. 6. 2. 2), and thus in accord with the numerous other similar leudtic rocks 
of the region, which are all dopotassic. 

Mode, — As was the case with the groimdmass of the preceding type, this rock 
did not lend itself well to measurement of the mode under the microscope, though 
a rough estimate was made to control the calculation of the mode from the norm, 
which was carried out as usual. In estimating the barkevikite this mineral was 
assumed to have the composition of the similar hornblende in the pulaskose (soda- 
lite-syenite) of Square Butte.f 

* Waahinston. Prof. Paper U. S. Geol. Surr. Na 14, 1903, p. 997* It wm remarked here that it is ''near 
•ubrang a of eaaezaae." that is, vicose. 

t lindgren and Mrlville, Am. Jour. Set,, XLV, 1893, p. aga. Cf. Piisson. Bull. U. S. Geol. Surv. No. aj?, 
1005* P* 66. 
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OrtlKMbfe, Or,Ab, 10.5 OliTine 5.0 

L^^Svidotitc, OrgAbx 26.1 \Iagnecite. 2.0 

liftirjir 29.0 Apatite i.o 

^Kphdite 2.S 



'^ugitc 21.6 

' .Markevikitc 2.0 



100. o 



.' In this mode the decidedly alferric character and the predominance of labra- 
.'doriteover orthodase are marked. As compared with the viterbal and bagnoreal 
types of vicose the alkali-feldspar contains a much smaller proportion of the albite 
molecule, while the labradorite is distinctly more sodic, being on the border of 
andesine. In these respects it corresponds very closely with the mode of orvietal 
auruncose described above. 

As compared with the norm it is dear that the only differences of serious 
importance are, as usual, those involved in the formation of leudte, much of the 
normative orthodase being used for this, and the nephelite, changed to albite, 
entering into the feldspars. The t>'pe may therefore be described as leudte interserti- 
aphyTX>-vicose. 

Ouurrence, — So far as known or^-ietal \icose occurs only in the Vulsinian Dis- 
trict. It is abundant near the town of Or>ieto, especially to the south of this, as 
at Monte Cavallo and Porano, where it forms extensive flows. It also makes up 
the main part of the hill of Monte Bisenzo on the southwest shore of Lake Bolsena. 

Name. — ^The derivation of the subrang name is discussed above. That of 
the type is based on the name of the town of Or^ieto, near which it occurs in 
abundance. 

In the prevailing systems of classification the name of leudte-tephrite, which 
was applied to the type in a previous description, is the appropriate one, on accoimt 
of the quantitative predominance of labradorite over orthodase, as well as its greater 
conspicuousness in the thin section. The amount of olivine is so small that its 
presence may be disr^aided, and the name of leudte-basanite is unwarranted. 

ORVIETAL VICOSB. II. 6. 2. 2. 

Megasco^ charaOers, — Biedium gray, compact, apfayric, very fine-grained, phanero- 
ciyBtalliiie. 

Microxofic ckaraders. — ^HolociTStalline, microporphyiitic, inteisertal fabric. Miciopheno- 
Cljllli: afaoiit 50 per cent, leudte, labnuknite, orthodase, augite. Microgroundmass: about 50 
per ont, augite, ortfaodase, divine, barkevikite, nephelite, magnetite, apatite. 

Ortk^dau, OrjAbx. — ^Microphenocrysts: about 3 per cent, o.i to 0.5 mm., subhedral, 
fUa tabular, twinning oncommon, arrangement diverse. Microgroundmass: about 8 per cent, 
•Bhedialy aa intentitial axeas. 

iMk r w i m iUf AbiAns. — ^Biicrophenocxysts: about 25 per cent, o. i to 0.5 mm., subhedral 
fhiiiy tabular, twinning oommon, arrangement diverse. 

I #Mdlf «— Mkaophenocrysts: about 30 per cent, o. i to i.o mm., anhedral, equant, more 
r, often indoics the fddspar tables, inclusions few. 

H§tkM9 . — MJcrogioMndmafla; about 2 per cent, anhedral, formless, interstitial areas. 
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AugUe, — ^Biicxophenocrysts and microgroundmass: about ao per cent, o.z to 0.5 mm., 
subhedral to anhedral, stout prismatic and equant, pale greenish-gray, non-pleochioic. 

Olivine. — ^Miciogroimdmass: about 5 per cent, 0.08 to o. 10 mm., subhedral to anhedral, 
equant, coloriess. 

BarkevikiU. — ^Microgroundmass; about a per cent, 0.02 to 0.05 mm., anhedral, as inter- 
stitial areas or fringing the augites, light brown. 

Magneiite, — ^Microgroundmass: about a per cent, 0.02 to 0.05 mm., anhedral, equant. 

Apatiie. — ^Microgroundmass: about i per cent, subhedral, prismatic. 

Chemical composition and nonn as on p. loi. 

Tjrpe specimen from Monte Cavallo, south of Orvieto, Vulsinian District. 

11. 7. 2. 2. Vesbal Bracclaaose [L.eucite-Tephrite« Vesuvius Type] • 

Megascopic characters. — Rocks of this type are of a general dark-gray color, 
q;)eckled with numerous small white spots. They are highly porphyritic, the very 
great majority of the phenocrysts being of leucite, and with small and almost negli- 
gible numbers of phenocrysts of augite and sometimes of oUvine or biotite. The 
leucite phenocrysts vary in diameter from i to 3 mm., being seldom over the latter. 
They are for the most part spheroids, giving round sections, but are also well-formed 
trapezohedra. In color they are usually pale gray, rather than clear white, so that 
they are not as strikingly conspicuous as might be expected, though always clearly 
discernible. The few augite phenocrysts are dark green, in small, stout prismoids 
and grains, seldom over 3 mm. long. The more uncommon olivine phenocr3rsts 
are of similar-sized, yellowish-green grains, and the still rarer biotites form small 
black tables. The groundmass is a dark gray, compact and aphanitic, and in the 
field these rocks would be called leucite melaphyres. Most of the specimens are 
more or less vesicular. 

Microscopic characters, — ^In thin section the leucite phenocrysts, which form 
nearly one-half of the rock volume, present mostly roimded outlines, with occasional 
crystal planes. They are apt to be cracked, or sometimes in clusters of several closely 
juxtaposed individuals. Double refraction is not well marked, as a rule, and inclu- 
sions are generally few and irregularly arranged. An occasional stout and pris- 
matic labradorite phenocryst is seen, though these are seldom if ever visible in the 
hand specimen. The augite phenocrysts are in stout prismoids, usually much 
broken and often anhedral, of a slightly yellowish-brown tinge of gray. They 
carry few inclusions, and these mostly of magnetite. The rare, anhedral, generally 
fragmentary olivine phenocrysts call for no conunent, nor do the stiU rarer tables of 
brownish biotite, which show the common alteration phenomena. 

The groundmass in which these lie is usually holocrystalline, but a trifling 
amount of glass is visible in some instances. The fabric is xenomorphic granular, 
somewhat intersertal through the development and diverse arrangement of the labra- 
dorite, and may be briefly described as subintersertal. It consists in large part of 
pale-gray, slightly brownish augite, sometimes showing a zonal structure, in irreg- 
ular anhedral grains, few of which assume a distinctly prismatic habit. Tables of 
labradorite, which give rise to lath-shaped sections, are fairly numerous, their length 
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often reaching i mm., but usually much under this. They are always multiply 
twinned, with extinction angles which vary somewhat, but which indicate an average 
composition of about Ab^Anj. As stated above, their arrangement is divergent, 
so as to give rise to an approach to a true intersertal fabric Alkali-feldspar seems 
to be quite absent, but some small leudte anhedra are found in the groundmass. 
Small olivine grains, usually quite anhedral, but occasionally with crystal planes, 
are scattered through the groundmass, but the total amount of this mineral is always 
small and quite negligible for classificatory purposes. A little residual nephdite 
base is present in most cases, its place being taken in some specimens by glass. 

Chemical composition, — An analysis of a specimen of this type from the flow of 
187 a of Mount Vesuvius, collected below the Obsen'atory, is given below in I, hav- 
ing been previously published, but without petrographical description. The posi- 
tion assigned the rock at that time, namely, in vesuvose, U. 8. 2. 2, was erroneous 
through inadvertence, not on account of error in the analysis or in calculating the 
norm. As was pointed out later,'^ the analysis should have been placed in the 
subrang U. 7. 2. 2. With it is also given an analysis of the lava of the eruption of 
1891-93, which probably belongs to the same type, though the description of Mat- 
teuccif leaves this somewhat in doubt 

Chemical Composition of Verbal Braccianose [Leucite-tephriie]. 



I. 



SiO,... 
Ai.03.. 
FcOj . 
FcO... 
MgO.. 
CaO... 
Na.O.. 
K.O... 
H,0+. 
H.O... 



47-65 
18.13 
2.63 
6.48 
4.19 
9.01 
2.78 
7.47 

o.ii ) 



0.794 
.178 
.017 
.090 
.105 
.161 

'"^^ 
.080 



U. 



-li- 



48.99 
19.82 

2-59 
S.26 
2.82 
8.13 

9.00 
n.d. 



CO,.. 
TiO,. 
ZrOa.. 

PaOj. 

SO3.. 
MnO. 
BaO.. 



none 

0.02 

0.50 

tnure 

n.d. 

0.24 

100.47 



0.014 
.004 



U. 



0'33 



100.17 



L Vcsbal bncdanose peudte-tephrite]. Lava of 1872, below Observatory, Mount Vesuvius. 

Cf. Washington, Prof. Paper U. S. G. S. No. 14, 1903, p. 307. 
n. Vcsbal (?) bncdanose peudte-tephrite]. Lava of 1891-93. Atrio del Cavallo, Mount 
Vesuvius. Miba, analyst. F. Becke, Tsch, Min, Pet. MiUh., XVIII, 1898, p. 94. 

Norm of I. 



Or. 
An. 
Lc. 
Ne. 
DL. 
01. 
Ut. 
11 .. 
Ap. 



14.46 



^^'f^l f 65.51 

:?*j 6.0,1 34.76 



Class 



RaHos of /. 
Sal 
Fem 



-1.88 



Order 



1.30/ 



Rang. 



. 12 
. 21 

• 5.59 

• 3 
2 

■ '-30 

100.27 

. 0.50 

100.77 

U. & GmL Sorv. Nol s8. 1904. p. 6a. 
Tmktnm. JTfa. /trf. MiUk^ XV, 189s. P^ 34a. 



F 
L 

K.O'+Xa.O' 



CaO' 



-0.80 



2.36 



Subrang. 



3j9L 

Na.O* 



-1.78 
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The anatysis (I) resembles closely many of the earlier analyses of Vesuvian lavas. 
Compared with the analyses given in the preceding pages it is marked by its low 
silica content, which is 3 per cent less than in the types of vicose. Concomitantly 
with this decrease in silica there is an increase in the amount of lime, though the 
other constituents are not notably affected. The analysis of the later flow 
resembles the former in a general way, though potash is decidedly higher. The 
higher alumina is to be attributed in part to the non-determination of TiOa, 
which would be included in this, and also possibly in part to incomplete separation 
of the magnesia, as the amount of this last is rather low. 

Mode. — ^In case of this type, as in some of the preceding, the character of the 
groundmass did not permit of satisfactory measurement by RosiwaPs method, the 
relative amount of kudte phenocrysts being the only quantitative relation which 
could be determined with precision. The mode was calculated from the norm 
on the assumptions that no orthodase was present and that all the potash belongs 
to leudte, that the normative olivine corresponds with the modal, that the augite 
has the composition of that of Ticchiena (p. 134), and that the plagioclase has the 
a»nposition Ab^Anj. The results of this calculation are: 

Labradorite, Ab^Anj 17.4 

Leudte 34.9 

Nephelite 9.0 

Augite 30 . 3 

Olivine 5.6 

Ores 1.5 

Apatite 1.3 

100. o 

The amount of leudte shown corresponds well with that determined optically, 
namdy, 40 per cent by voliune, and in general the mode above agrees with the 
appearance of the thin section. Only the amount of nepheUte seems to be high. The 
figure for this was that obtained by the usual equations involving the total soda and 
the silica available after formation of leudte, augite, olivine, and the anorthite of 
plagioclase. These give an amount of albite molecule exactly right to satisfy the 
composition of the plagioclase determined optically, that is, Ab»o.oi3, An»o.038. 
Any notable change in the figure for nepheUte will involve very serious modification 
of the plagioclase composition, rendering it an andesine, which can not be considered 
in view of the optical determinations, and will also concomitantly lead to increase 
in the amount of olivine and decrease in that of augite, which are also inadmissible. 
The amoimt of nephelite is readily underestimated by the eye in such groundmasses, 
and a test of the rock powder with very dilute nitric add, according to the method 
suggested by Pirsson,'^ gave abundant gelatinous silica, thus proving its presence 
in considerable amount. 

Ouurrence. — ^This type is abundant in the Campanian District, many of the 
flows of Vesuvius belonging to it. Among those which I have examined may be 
mentioned those of 1822 (above Cerasiello) and 1872 (below the Observatory), 

• L. v. PiriMii. Am. Jam. Sei^ U, X896, p. 143. 
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while the descriptions of Fuchs suggest that flows of 1731, 1754, 1767, 1779, 1786, 
1802, 1810, 1855, 1858, and 1867 are also of this t}^)^ The type seems also to 
occur at Monte Somma, but to a more limited extent. Outside of the Campanian 
District these rocks seem to be rare, and the only specimen in my possession which 
may probably be referred here is the lava of Poggio Romolo, south of Lake Bolsena. 

Name. — The name of the subrang is derived from the lake and town of Brac- 
ciano, the chief geographical features of the Sabatinian District, in the southern 
part of which this magma is very abundant. The type name is derived from 
Vesbius, an old Latin name of Vesu\ius. 

In the prevailing classiflcations the t}'pe should be regarded as a leudte-teph- 
rite, since the amount of oliWne is so small that the name of leudte-basanite often 
given it is not justified if regard is paid to quantitative relations. 

Ve5BAL BRACaANOSE. II. 7. 2. 2. 

Megascopic characters. — ^Dark gray, sprinkled with small white spots. Com|>act to vesic- 
ular, highly porph}Titic. Leucite phcnocrysts wiy abundant, i to 3 mm., round, white or pale 
gray, sometimes not very conspicuous. Augite phenocr}'sts very few, i to 3 mm. long, prismatic 
black or dark green. Olivine phenocrysts ver>- rare, not essential, i to 2 mm., equant, yellow, 
Biotite phenocrysts very rare, not essential, i to 3 mm., tabular, brown. Groundmass, rather 
dark gray, aphanitic. 

Microscopic characters, — Holocrystalline, mediophyric, sempatic. Phenocrysts: about 40 
per cent, leucite, augite, sometimes oli\'inc and biotite. Groundmass: about 60 per cent, holo- 
crystalline, somewhat intersertal fabric, augite, labradorite, nephelite, leucite, olivine, magnetite, 
apatite. 

Lalyradorite, AbaAuj. — Phenocr3rsts: 2 to o per cent, i to 2 mm., subhedral, stout prismatic, 
twinned, few inclusions. Groundmass: about 15 per cent, 0.05 to 0.50 mm., thin prismatic 
or tabular, much twinned, arrangement diverse. 

Leucite. — ^Phenocrysts: about 35 per cent, o . 5 to 3 . o mm., subhedral to anhedral, equant to 
irregular, sometimes in clusters, inclusions few. Groundmass : about 2 per cent, o . 05 to o . 10 mm., 
anhedial, equant and irregular. 

Nephelite. — Groundmass: 5 to 10 per cent, anhedral, as interstitial cement. 

Augite. — Phenocrysts: about 5 per cent, often less, 0.5 to 3.0 mm., subhedral to anhedral, 
prismatic or fragmentary, pale yellowish-brown or yellowish-green, nonpleochroic, inclusions 
few. Gioandmass: about 25 per cent, 0.05 to 0.20 mm., anhedral, prismatic, fusiform, 
eqoant, pale greenish- or yellowish-gray, arrangement generally diverse, sometimes tangential 
about the leucite phenocrysts, no inclusions. 

Biotite. — Phenocrysts: 2 to o per cent, o. 5 to 3. o mm., subhedral, tabular, brown, usually 
altered. 

OUvime. — ^Phenocrysts: 2 to o per cent, 0.5 to 2.0 nmi., subhedral to anhedral, equant 
to inegular, ooknless. Groundmass: about 3 per cent, not always present, 0.05 to o. 10 mm., 
anhedral, equant, ooknless. 

Mn.gmttiu fl wr wmHm^M r about 2 per Cent, 0.02 to 0.05 mm., anhedral, equant, and 
incgnlar. 

it^afdc—GRmndmass: about i per cent, 0.05 to o. 20 mm., subhedral, prismatic. 

Chfimral compos i tion and norm as on p. 104. 

Type iperlincn from flow of 1872, below Observatorv, Mount Vesuvius, Campanian 
DiMrict 
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II. 7. 2. 2. Sominal Braccianose [Leuclte-Tephrlte, Somma Type]. 

Megascopic characters, — Like the preceding t3rpe, this is highly porphyritic. 
The phenocrysts are of both leucite and augite, present in about equal amount and 
together making up about 40 per cent or so of the rock volume. Those of leucite 
are from i to 4 nmi. in diameter, rounded, and anhedral, with only occasional crystal 
planes. Their color is usually gray, so that they do not stand out prominently 
against the groimdmass. The phenocrysts of augite are about the same size, usually 
subhedral and with oystal planes, especially those of the prisms and pinacoids. 
In form they tend to be equant rather than prismatic, giving square or only slightly 
oblong and angular sections. They are very dark green in color, almost black. An 
occasional yellowish-green grain of olivine is seen, but the amount of this mineral 
is negligible. The groimdmass is dark gray and aphanitic. In the field the type 
would be called a leucite-augite-melaphyre. 

Microscopic characters, — ^The thin sections of this t3rpe present much the same 
appearance as those of the vesbal. There are the same rounded leucite phenocrysts, 
showing feeble double refraction and carrying few inclusions, but they are not 
nearly as thickly scattered as in the preceding t3rpe. On the other hand, pheno- 
crysts of pale-gray augite are much more abundant, and one or two subhedral olivine 
phenocrysts are seen in the section. 

The groundmass between these is like the preceding, especially in the plagio- 
clase laths and their diverse arrangement, giving rise to a somewhat intersertal fabric. 
Leucite anhedra are conunon, this mineral often forming irregular interstitial areas. 
Small grains of augite are abundant, though less so than in the preceding type, as 
much of this mineral is here developed phenocrystically. There are also small 
anhedra of olivine and considerable residual base, which may be of glass, but is 
nephelite for the most part. The usual magnetite grains and apatite prisms may 
also be mentioned. 

Chemical composition and mode. — No'analysis has been made of a rock of this 
type, so that it is imcertain whether the dassificatory position assigned to it is correct 
or not. As, however, all the other Vesuvian lavas analyzed by me, and many of 
those analyzed by others, fall in braccianose, there is little room for doubt that 
some, if not most, of the rocks with this mode and texture are really in this subrang. 

The mode could not be satisfactorily estimated by microscopic methods, but 
the study of the thin sections indicates clearly that it must be quite similar to that 
of the vesbal t3rpe, though possibly with slightly greater relative amounts of alferric 
minerals. 

Occurrence. — ^The most typical occurrence of this rock is the flow of 1754 near 
Bosco Reale at Mount Vesuvius. Other flows which belong to this type, as deter- 
mined by specimens examined by me, are those of 1750, 1751, 1771, 1834, and 1858, 
while the descriptions of Fuchs lead one to refer here as well those of 1809, 1832, 
and 1839. The type is also abundant at the encircling Monte Somma, both in the 
lava flows and the dikes. 
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Name. — The type derives its name from Monte Somma, where it occurs abun- 
dantly. In the prevailing systems of classification it would be called a leucite- 
tephrite, the small amount of olivine being regarded as negligible. 

II. 7. 2. 2. OalenU Braccianose [Leucltlte, OalermType]. 

Field characters, — This t}'pe is verj- dark, compact and hea\-y. It is only 
slightly porph}Titic megascopically or aph\Tic, phenocn'sts of leudte making up 
less than 5 per cent of the rock volume and sometimes being absent. They are 
usually well-formed trapezohedra, often fragmentar}-, white or \ery pale gray, and 
often with a slightly waxy luster, and \2^t\ in diameter from 5 to 10 mm. Small 
phenocr3rsts of augite are either wholly wanting (the tv'pical case) or are present in 
extremely small quantities. No other phenocr>'sts are found. The groundmass is 
a typical basaltic one, very dark gray or almost black, Ene-grained, and aphanitic, 
but without a \itreous luster. Some of the specimens show a few vesicles, but the 
majority are quite free from them. The type would be called a leucitic melaphyre 
or a basalt in the field. 

Microscopic characters. — ^The very few large leucites seen in the thin sections 
show the usual characters, good development of the crystalline form, often fragmen- 
tary, pronounced birefringence, and comparatively few inclusions. The still rarer 
large augite phenocrysts call for no remark, as they are of the type conmion in the 
region, and already often described. 

The groundmass is percrystalline and microporphyritic, and shows a fabric 
which is highly characteristic of many of the more femic leudte rocks of the region. 
Leudte microphenocrysts are abundant, making up about one-third of the rock. 
They present rounded circular sections, and are usually anhedral, though occa- 
sional crystal planes are seen. Their size is fairly uniform, mostly between 0.20 
and 0.30 mm. in diameter, though smaller and slightly larger individuals occur. 
Double refraction is faint, but readily seen with the selenite plate. Inclusions are 
apt to be few, but some spedmens show many small ones, of glass, augite, or mag- 
netite, which usually form a circular ring near the periphery of the cr>-stal, or else 
are arranged so as to show a skeletal development of the leucite. Rarely the 
original skeleton forms are well preser\'ed. 

Between these leudtes is the microgroundmass, which consists in great part of 
a felted mass of very minute, pale, greenish-gray prisms of augite, ^ith occasional 
larger individuals, which are to be regarded as microphenocrysts. Wliile the gen- 
eral arrangement of these small prisms is diverse, adjacent to the leudtes they 
are tangential, as if they had been present in the still molten magma prior to the 
complete crystallization of the salic mineral and had been shoved aside during its 
growth. With these augites are small grains of magnetite, as well as some laths of 
feUspar, which is mostly a labradorite. 

Acting as a cement for these crystals is a clear, colorless substance, the amount 
of which is very difficult to estimate on account of the close juxtaposition and mostly 
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felted arrangement of the numerous augite prismoids. In part this is seen between 
crossed nicols to be feldspar — ^both labradorite and to a less extent orthoclase — in 
micropoikilitic patches, and in part an isotropic glass of about the same refractive 
index as the leucite, though usually slightly lower. 

In a general way this groundmass resembles in mode and fabric the vesbal 
t3rpe, though on a much smaller scale and with a much more pronouncedly tangen- 
tial arrangement of the augite prismoids. The effect, especially when the leucites 
carry few or no inclusions, is that of a net or section of a sponge, the felted mass of 
augite prismoids representing the threads or walls and the clear, colorless, round 
leucites the holes. This microtexture is so characteristic of many of the rocks of 
the region, and so easily recognizable that it is well-deserving of a special name. 
For this the term ckUhratd* may be used, borrowed from the glossaries of botany 
and zoology. It is, of course, conceivable that a similar textural habit may be pro- 
duced by the equant, spheroidal development of other salic minerals, as quartz, 
feldspar, nephelite, or the sodalites, along with the similar interstitial felt of 
augite or other alferric prismoids, though this is obviously not a very probable 
occiurence, and is as yet unknown as far as my knowledge extends, the texture 
being confined to leudte-augite rocks. 

As this habit, characterized by the development of leudte in roimd micropheno- 
crysts, surroimded by smaller and more or less tangential subhedral to anhedral 
augite prisms, is very common in the Roman Region and characteristic of many of 
the more femic rocks, it may well be given a special name. For this the term galeraid 
would seem appropriate. 

Chemical composUion, — ^An analysis of this type, published in incomplete 
form some years ago, is given below, with the addition of determinations of some 
of the minor constituents. The analysis of vesbal braccianose is also repeated for 
comparison. 

Chemical ComposUion of Galeral Braccianose [Leucitiie], 



SiOa... 
AI.O3 • 
FcOa . 
FeO... 
MgO . 

c«o .. 

Na,0 . 
K,0 .. 
H,0 + 
H,0- 



47.89 
17.87 

4.93 
3M 
3.68 
8.70 
2.60 
8.23 
0.65 



0.798 
•175 
.031 
.050 
.09a 

•155 
.042 
.087 



u. 



47.65 

18.13 

2.63 

6.48 

4.19 
9.01 
2.78 

7-47 
0.13 

O.II 



0.794 
.178 
.017 
.090 
.105 
.161 

.045 
.080 



CO,.. 
TiO.. 
ZrO,.. 
P.O5. 
SO,.. 
MnO, 
BaO . 



Sp.gr. 



none 

0.77 

0.02 

0.36 

0.06 

n.d. 

0.28 



.003 



99.68 



2.781 



U. 



none 

113 

0.02 

0.50 

trace 

n.d. 

0.24 

100.47 



0.014 



.004 



I . Galeral braccianose [leucidte]. West of Crodcchie, south of Lake Bracciano, Sabatinian 
District. Washington, analyst. Jour. Geol., V, 1897, p. 49. 

II. Vesbal braccianose [leucite-tephrite]. Lava of 1872, below Ol»ervatory, Mount Vesuvius. 
Cf. p. 104. 

* From I.atin daSkraiut^ latticed. 
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Norm of I. Raiws of /. 

S;:;;:;:;;::;:::::3h'*!"" °" ^ -" 

Ne 11.93 J •'•'■5'' F 

n...i aJ-^;) a s Order - -i.oi 

OL °'*> L. 44 

^*:::::::::::::::::: x":.;^( ^7^) r^ 5£^+^...«o 

Ap 0.92 0.92 kMt 

Rest I.OI Subrang ^-^ -2.08 

99.60 

The analysb shows the generally central position oi this t3rpe in the various 
dassificatory divisions, in whidi it differs somewhat from the other, thou^ the 
similarity between the two analyses is marked. 

Mode, — Owing to the character of the groundmass, Rosiwal's method is not 
applicable to this type, thou^ the relative amount by volume of the kudte micro- 
phenocrysts was determined rather satisfactorily. Recalculation of the norm was 
somewhat uncertain, because of ignorance of the relative amounts of alkali-feldspar 
and nephelite, but as the amount of the latter was small, the errcHr involved in die 
arUtrary assumptions made as to it will not affect the result seriously. Assumii^ 
that it has the composition bdow and that about 5 per cent is i»esent, the fdlow- 
ing mode was obtained, whidi may be r^arded as closely approximating to die 
truth. The amount oi leudte shown agrees reasonably wdl with the measured 
amount, especially when the leudte megaphenocrysts are taken into consideratioD, 
diou^ it is sonoewhat hi^er. The nephdite given here exists for the most part as 



Orthodase, Or , Ab, 5 

Labradorite, Ab,Aiij 13 

Lnidte 36 

NepUite 8 

Anghe 5^ 

Ores 4 

Apadte I 



Ocamrmce. — ^Thts type is especially well represented in the Sabatinian Dis- 
tiict, practically all cl the extasive flows oi kudte-mdaphyre (leudtite) south of 
LakeBncdaiiobeloDgii^toit Some prominent localities are Crocicchie, the quanr 
of LITomo Morto, Grotta Lobbra, La Toracda, and other points along and dose to 
die aoodi dioie, and die Ostcria Noova and elsewhere in the neighboriiood of Santa 
di Galcra. The type also occurs in the Vulsinian District, as at Trebia- 
I sod n G%lio to the east of Lake Boiscna, and probably also in the Latian 
districts* thougfi none of my qwyimrns can be de6nitdy r e f er r ed 



JVioM. — The type name is derived from the locality oi Santa Maria di Galcra, 
one cf te oidest-known oixuii e u ces. 
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The type has been uniformly called leuddte by petrographers, and the name is 
justifiable in the prevalent systems, on acccount of the small amount and inconspicu- 
ousness of the feldspars, though the presence of these in the Galera rock, and its 
consequent relation to the leudte-tephrites, is noted by Rosenbusch. 

QALBRAL BRACCIANOSB. II. 7. 2. 2. 

Megascopic characters. — ^Vciy dark gray or blade, compact, aphyric, or very slightly 
porphjnitic. Leudte phenocrysts rare, i to 5 mm., euhedral, equant, white, quite conspicuous. 
Augite phenooysts very rare, i to 3 mm., prismatic, black. Groundmass, very dark gray or 
black, aphanitic, not vitreous. 

Microscopic characters. — ^Holocrystalline to percrystalline, microporphyritic. Megapheno- 
crysts, none to 5 per cent, leudte, augite. Microphenocrysts, about 50 per cent, leudte, augite. 
Miciogroundmass, about 50 per cent, augite, labradorite, nephelite (not always present), ortho- 
dase, magnetite, i^>atite, glass (not always present). Groundmass has dathrate fabric. 

Orthoclase, OriAbi. — Groundmass: 5 to o per cent, anhedral, interstitial, distinguishable 
with difficulty. 

LahradoriUf AbaAnj. — Groundmass: about 10 per cent, anhedral, to a small part tabular, 
mostly anhedral, interstitial patches. 

Leudte. — ^Megaphenocrysts: 2 to o per cent, i to 5 mm., euhedral, equant, sometimes 
fragmentary, indusions few. Microphenocrysts: about 35 per cent, o.i to 0.4 mm., anhedral 
equant, more or less circular sections, often skeleton foims, indusions few to common, regularly 
arranged. 

Nephelite. — Groundmass: about 6 per cent, anhedral, interstitial cement. 

Augite. — ^Megaphenocr3rsts: 9 to o per cent, i to 3 mm., sul^edral, prismatic, often frag- 
mentary, greenish-gray. Microphenocrysts: about 10 per cent, o.i to 0.3 mm., anhedral, 
prismatic, greenish-gray. Microg^roundmass: about 20 per cent, 0.02 to o. 10 mm., anhedral* 
prismatic to equant, pale greenish-gray, arrangement partly diverse, partly tangential, around 
the leudte microphenocr3rsts. * 

Magnetite. — Groundmass: about 5 per cent, o.oa to 0.05 nmi., anhedral, equant. 

Apatite. — Groundmass: about i per cent, 0.05 to o. 10 mm., subhedral, prismatic. 

Glass. — ^5 to o per cent, coloriess to pale brown, usually absent 

Chemical composition and norm as on p. 109. 

Type specimens from Crodcchie, south of Lake Bracdano, Sabatinian District 

II. 7. 2. 2. Hernical Bracdanose [Leudtite* Hernld Type]. 

Megascopic characters, — Rocks of this type are dense, very dark gray or almost 
black, and dther very fine-grained or quite aphanitic, but without glassy luster. They 
are typically aphyric, phenocrysts bdng dther wholly wanting, or in some cases with 
small and rare ones of augite and leudte, which never form more than i or a per 
cent of the total volume. Vesicular forms may occur, but most of the spedmens 
are perfectly compact. In the fidd they would be called typical basalts. 

Microscopic characters. — Under the microscope the rock is seen to be com- 
posed predominantly of leudte and augite, with a little fddspar and accessory mag- 
netite and apatite. The texture, different from the dathrate one with niunerous 
leudte microphenocrysts of the galend type, is a xenomorphic granular one. 
Ndther the leudte nor the augite are definitdy phenocrystic, nor do dther of them 
show much tendency to automorphic development, but of the two the augite is the 
more automorphic and has a greater tendency to form phenocrysts. Textures 
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transitional toward the dathrate one are not uncommon, so that it is, at times, diffi- 
cult to say to which type some rocks belong. 

The leucite, which constitutes about 40 per cent of the rock, is in subhedral to 
anhedral individuals, sometimes rounded and again rather irregular, interstitial 
between the augites. It is, however, usually equant, and often contains small 
inclusions of augite, magnetite, or glass, arranged zonaUy. Skeletal forms are rarely 
seen. In size the leucites >'ary mudi. though they are always microscopic, from 
0.05 to 0.30 mm., some of the more irregular patches being larger than this last. 

The augite, of the usual pale-gray color, is almost as abundant as the leudte 
and is phenocrystic to some extent, in subhedral prismoids, often ''corroded" and 
with irregular outlines, of from 0.5 to i mm. in length. But for the most part it 
forms subhedral to quite anhedral individuab, either stout prismoids or irregular 
grains and interstitial patches between the leucites. These augites are of dimen- 
sions commensiuate with the leucites, from o.i to 0.5 mm. long, and they are much 
stouter, larger, and more equantly developed than the small augites of the galeral 
type, in whidi the augite form is typically slender prismatic. Furthermore, they 
lack the felted arrangement and tangential position toward the leucites of this last 
type. With the above minerals are small grains of olivine and magnetite and very 
small apatite needles. 

Lying between the larger leudtes and augites, and indosing the smaller crystab, 
is a coloriess cement which the use of crossed nicob resolves into three dbtinct sub- 
stances. Part of it b isotropic, of a slightly lower refractive index than the leudte, 
and may be considered a glass. Again, it b feebly doubly refracting without 
twinning lamelbe, probably nephelite, the presence of whidi b indicated by the 
calculation of the mode from the norm. Elsewhere this base consbts of anhedral 
individuab of fddspar, the irregular patches of which extinguish simultaneously 
over considerable areas, and which indose poikilitically the smaller leudtes and 
augites. A small proportion of this feldspar is orthodase, distinguished by its 
refractive index and by the simple Carisbad twinning; but most of it is a multiply- 
twinned labradorite, of about the composition AbjAUj. 

The origin of these poikilitic fddspars is somewhat problematical. In most 
of my specimens, especially those from Ardoni (one of which was diosen for analy- 
sb), I can not but regard it as primary, that is, one of the last products of crystalliza- 
tion, but antecedent to the nephelite and glass base. On the other hand, Sabatini* 
and Viola,t who have studied it, the former in the Latian lavas and the latter in those 
of the Hemican Dbtrict, regard it as secondary. This condusion b based on the 
observations made by them that many individuals ^ith the characteristic forms and 
indusions of leudte show, between crossed nicob, the birefringence and multiple twin- 
ning of plagiodase, which varies in different cases from an oligodase to anorthite. 
The twinning lamellae pass out uninterruptedly from the apparent leudte crystal 
into a sunoimding colorless patch of fddspar, of identical optical properties, extin- 

•V. Salwdai. BM. S^e, Geol. IltL, X (1896). P- 70. •!» Jr«». d€W. Carta GttL lial., X. 1900, p|». 155. a63, 976. 
t C Viola, MET. Cam, GaeL Hal^ 1896, pp. i4. »3\ ^^^ Sac, Tax,, 1896, p. i; Neu, Jakrh. 1899* h pp. la?. 131. 
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guishing as a whole or in separate twinning lamelias simultaneously over consider- 
able areas, which inclose poikilitically small augites and magnetites. These obser- 
vations I have been able to confirm in sections kindly shown me by Signor Sabatini, 
but have been imable to discover any such cases in the specimens collected by myself, 
either from the Latian or Hemican districts. In all my specimens the leudte areas 
are dark between crossed nicols, or show the characteristic twinned structure, and 
interrupt the continuity of the lamellae of the inclosing feldspar. 

Chemical composition. — ^An analysis of this type was made on a specimen from 
Gli Ardoni, near Rocca di Papa,* in the Latian District, and is as yet unpublished. 
Chemical Composition of Hemical Braccianose {LeuciHUi]. 



II. 



lU. 



SiO, . . 
AlsOj. 
Fe.03. 
FeO.. 
MgO. 
CaO.. 
Na.O. 
K,0.. 
H,0 + 
H,0- 
CO... 
TiO... 
ZrO,.. 
P.O5.. 
SO3... 

S 

MnO. 
BaO.. 



Sp.gr. 



47.20 


0.787 


17.66 


•173 


351 


.022 


4.50 


.063 


4.20 


•lOS 


9.52 


.170 


2.25 
763 


Z 


0.72 




0.57 




none 




1. 19 


.015 


0.04 




0.58 


.004 


none 




none 




n.d. 




0.19 





47.89 


0.798 


17.87 


•175 


4.93 


.031 


3.64 


.050 


8.70 


.092 


•155 


2.60 


.042 


8.23 


.087 


0.65 




none 




0.77 


.010 


0.02 




0.36 


•003 


none 




none 




n.d. 




0.28 





99.76 



99.68 



47- 65 

18.13 

2.63 

6.48 

4.19 
9.01 
2.78 

7-47 
0.13 

O.II 

none 

113 

0.02 

0.50 

none 

none 

n.d. 

0.24 

100.47 



2.781 



I. Hemical braccianose [leucitite]. Arcioni, Rocca di Papa, Latian District. Washington, 
analyst. 

II. Galeral braccianose [leucitite]. Near Crocicchie, south of Lake Bracciano, Sabatinian 

District. Cf. p. 109. 

III. Vesbal braccianose [leucite-tephrite]. Lava of 1872, Mount Vesuvius. Cf. p. 104. 



Norm of I, 

Or 17-24 / 

An 

Lc 



Ne 10.22 I 

Di 22.46 [ 

U 2 . 29 I 

Mt 

01 

Ap 



'7-24 : „ 8^ 

' ^2.02 ) 



Class. 



24-75 \ 
1-34 1-34/ 



Order. 



Ratios of I. 
Sal 
Fern 

F 

L 



-1-94 



Rang 

Subrang. 



98.30 
Rest 1.52 

09.82 

• Cf. Sftbatini, Mem. deser. Carta (M. JuU., X. xgoo, p, 960, fig. 58. 



K.O^-t-NaaO^ 
CaO' 

K,0' 



-2.08 



NaaO' 



-2.25 
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The above analysis (I) calls for no comnient, except to point out its great gen- 
eral resemblance to those of the other types of bracdanose. It may also be noted 
that, while the total amounts of the two oxides of iron are about the same in all of 
the types, their relative amounts are distinctly different in the galeral and hemical 
from what they are in the types at Vesuvius, where they are very uniform, ferrous 
oxide being here largely in excess over ferric 

Mode, — ^As the rock was relatively large-grained, compared with the ground- 
masses of the other types of the same subrang, and as the size and equant shi4)e of 
the crystab made it seem probable that the greater part of them would extend through 
the section, an attempt at measuring the mode under the microscope was made, with 
the result shown below. In this the leudte, feldspars, and nephdite and ^ass were 
necessarily measured together, as proper discrimination between them was difficult. 
The mode was also calculated in the usual way from the norm. 




Mkasxhixd. 



OrthocUse, OrjAb,.. 
Labradorite, AbiAnj. 

Leudte 

Nephelite 

Augite 

Olivine 

Magnetite 

Apatite 



VoL%. Sp.fr. Wt.%. 

61.0 X 2.6 - 158.0 54-2 

33 9 X 3'^ - III. 9 3»-4 

2 5 X ^.^ - 8.3 2.8 

2.6 X $.2 - 13.5 4-6 

100. o 391*7 100. o 



Evidently the influence of overlapping has been quite serious, being especially 
marked relatively in the case of the small magnetite grains. Of the two the 
calculated mode is the more authoritative. 

Occuftenu. — ^Thts type is abundant in the Latian District, as near Grotta Fer- 
rata and Rocca di Papa, and in the Hemican District, two typical localities in this 
being the Torre di Pidocchia near Frosinone and blocks in tuff near the Casa Co- 
lumbella near Pofi. It was also found in the Vulsinian District, especially near 
Montefiascone, as at the railroad tunnd and at Madonna d'Oro. It also probably 
occurs in the Sabatinian District, thou^ my specimens of bracdanose rocks from 
here are to be referred mostly to the galeral type, in which the leudte b phenocrystic 
rather than the augite. 

Name. — ^The type name is derived from that of the Hemican District, where it 
seems to be common. 

In the prevailing systems of classification these rocks would be called leucitites, 
Uke the preceding type, as the amount of feldspar is very small, though in some cases 
the name of leudte-tephrite might be applicable. 
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HERNICAL BRACCIANOSB. II. 7. 2. 2. 

Megascopic characters. — ^Vciy dark gray or black, compact, aphyric, or only slightly por- 
phyritic. Augite phenocrysts rare, i to 3 mm., prismatic, black. Leucite phenociysts very 
rare, i to 4 mm., eqxiant, white or pale gray, inconspicuous. Groundmass very fine-grained or 
aphanitic. 

Microscopic characters. — Holooystalline, aphyric, few or no distinct phenocrysts, xeno- 
morphic granular fabric, leucite, augite, labradorite, orthoclase, nephelite, olivine, magnetite, 
apatite. 

Soda-orthoclase, OrjAb,. — ^About 5 per cent, anhedral, as formless interstitial patches. 

LabradoriUt AbtAnj. — About 15 per cent, anhedral, formless interstitial patches, multiply 
twinned. 

Leucite. — 30 to 35 per cent, 0.05 to 0.30 mm., anhedral equant, less often irregular, inter- 
stitial between the augites, inclusions few, skeleton forms very rare. 

Nephelite. — Groundmass: about 5 per cent, anhedral, formless, interstitial patches. 

Augite. — 30 to 35 per cent, o. 10 to o. 50 mm., subhedral to anhedral, prismatic to equant, 
and irregular, greenish-gray, inclusions few. 

Olivine. — ^About 2 per cent, 0.05 to o. 10 mm., anhedral, equant. 

Magnetite. — ^About 3 per cent, 0.02 to 0.05 mm., anhedral, equant. 

Apatite. — ^About i per cent, 0.05 to o. 10 mm., subhedral, prismatic. 

Chemical composition and norm as on p. 113. 

Type specimen from Arcioni, Rocca di Papa, Latian District. 

II* 7. 2. 2. Atrial Bracclanose [Leucite-Tephrite, Atrio Type]. 

Megascopic characters. — ^This type, which must be regarded as much less pre- 
cisely characterized than the preceding ones, occurs only as very small flows and as 
the borders and surfaces of larger ones, salbands of dikes, and crusts of bombs. The 
rocks are black or a very deep brown, evidently highly vitreous, and sprinkled with 
numerous small roimd spots of leucite, with only rare and small phenocrysts of feld- 
spar, augite, and occasionally olivine, the last only as an accessory. Vesicular and 
scoriaceous forms are common. 

Microscopic characters. — ^In thin section these rocks show many small (up to i or 
2 mm.), highly euhedral and trapezohedral sections of leucite, sometimes with and 
sometimes without inclusions of glass, etc. Leucite skeleton forms are very conmion. 
Leucite makes up about one-quarter of the rock volume, but the relative amount may 
vary rather widely. Tables and prisms of labradorite (from AbjAn, to Ab, An,) are 
present in less amount, not over lo per cent, and also more or less euhedral pheno- 
crysts of greenish-gray augite, which are apt to be equant rather than prismoidal. 
The amount of these is small, about that of the feldspars. There may be also a few 
olivines and magnetite grains, but always less than the two inmiediately preceding 
minerals. All these lie in a glass base, which is dark brown in color, either clear or 
dusty with indeterminable microlites, and which frequently shows flow textures. 

Chemical composition. — ^An analysis was made of a specimen of this type, the 
material having been kindly furnished by Professor G. Mercalli, of Naples, who has 
published it elsewhere. 
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Chemical ComposUian of Atrial Braccianose [Lnu:ii€4efknU\. 




I. 
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SiO, 


48.10 0.802 
17.56 .17a 
2.48 .016 
6.10 .085 
4.27 .107 
8.16 .146 
2.65 .044 
7-93 .084 
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0.04 
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FeO 
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SO3 


CaO 
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Na,0 


CuO . ... 


none 


K,0 


MnO 


n.d. 


HaO+ 


BaO 


0.08 


H,0- 


1 






■ 
■ 


99.91 



I. Atrial braccianose [leudte-tephrite obsidian]. Lava of August 27, 1903, VaUe dell' Inferno, 
Mount Vesuvius. Washington, analyst. Cf. G. Mercalli, BcU. Sac. Sism. Ital., 
X, r904, p. 21. 
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KO^+Na,0^ 
CaO' 

K.O' 



- — 2.91 
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-1. 91 



100.09 



Of this analysis it need only be remarked that it resembles very closely those of 
the two preceding types. 

Mode. — ^As the type is very highly vitreous, and therefore indeterminate, any 
exact statement of the mode is uncalled for. It will be of interest to state the rela- 
tive amounts of the various minerals and glass, which are so easily estimated, the 
statement being based, of course, on the specimen anah'zed. These figures may 
vary widdy in other specimens. 



Leudte .... 
Labradorite. 

Augite 

Magnetite.. 
Glass 



VoL%. Sp.«r. 


Wt.% 


26.4 X 2.5 - 66.0 


24.6 


5.9 X 2.6 - 15.3 


5-7 


4.5 X 3.3 - 14.9 


5.6 


0.6 X 5.2 - 3.1 


I.I 


62.6 X 2.7 - 169.0 


63.0 



100. o 268.3 100. o 

Ouwnretice. — As already stated, this type occurs only as flows of very small 
vobnne, as well as borders of larger flows and crusts of bombs at Mount Vesuvius, 
and abo as narrow dikes and salbands of thick ones at Monte Somma. It has not 
been obaei v ed ebewfaere in the Roman Region. 
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Name. — ^Thc name of the type b derived from the Atrio del Cavallo, the semi- 
circular valley between Vesuvius and Somma, into which so many of the small flows 
of the present cone run, and from the southern part of which the analyzed specimen 
was obtained. 

In the prevailing systems the name of leucite-tephrite-obsidian is undoubtedly 
the correct appellation. 

ATRIAL BRACCIAN05B. II. 7. 2. 2. 

Megascopic characters, — ^Veiy dark gray or blade, sprinkled with small white spots, compact 
to vesicular, hi^y porphyritic. Leucite phenocrjrsts abundant, i to 3 mm., round, white. 
Augite phenocr3rsts, veiy few, i to 3 mm., prismatic, black, inconspicuous. Feldspar and olivine 
phenocrysts very rare or none, small. Groundmass: black, vitreous. 

Microscopic characters. — ^Hyalocrystalline to dohyalinc, porphjrritic, dopatic to sempatic. 
Phenocrysts 90 to 40 per cent, leucite, augite, labradorite, magnetite, rarely olivine. Ground- 
mass: 80 to 60 per cent, wholly g^ass, sometimes dusty with microlites. 

Labradorite, AbfAnj to AbiAnj. — Phenocrjrsts: 5 to 10 per cent, o.i to 0.5 mm., euhedral, 
thin prismatic or tabular, much twinned, few inclusions. 

Leucite, — ^Phenocrysts: 90 to 30 per cent, 0.3 to 2.0mm., euhedral to subhedral, often 
clustered, sometimes skeleton forms, inclusions few. 

Augite. — ^Phenocrysts: 5 to 10 per cent, 0.2 to i.omm., euhedral to subhedral, equant 
to prismatic, greenish-gray, few inclusions. 

Magnetite. — Phenocrysts: about i per cent, 0.02 to 0.05 mm., anhedral or skeletal. 

GI41SS. — Yellowish-brown, often clear, sometimes mottled, sometimes dusty with indeter- 
minable microlites. 

Chemical composition and norm as on p. 116. 

Type specimen from flow of 1903, Valle del Inferno, Mount Vesuvius, Campanian Dis trict. 

II. 8-7. 2. 2. ScaUl Vesuvose-Bniccianose [Leucite-Tephrlte, Scala Type]. 

Megascopic characters. — ^This type is porphyritic, but not as much so as in those 
just described. The phenocrysts are mostly of augite, with rare ones of olivine, but 
few or none of leucite, and do not make up more than about 10 per cent of the rock 
volume. The augites are from 3 to 5 mm. long, and prismatic rather than equant, 
the color a dark green. The rare olivines are about the same size, equant, and pale 
greenish-yellow. The groundmass in this t3rpe is a rather light gray, not nearly as 
dark as the preceding rocks, and is phanerocrystalline and fine-grained, the dark 
and li^t mineral particles being easily distinguishable with a lens. In the field 
rocks of this type would be called augite-leucophyres. 

Microscopic characters. — ^The augite phenocrysts show subhedral and often 
fragmentary forms, and are of the usual very pale-gray color and quite free from 
inclusions. The very rare olivines present no features of special interest, but are 
not well developed crystallographically. An occasional leudte phenocryst is seen 
here and there, but these are as rare as are phenocrysts of augite in the vesbal type. 

The groundmass is holocrystalline typically, though a trifling amount of glass 
may rarely be present. It is microporphyritic, small phenocrysts of leucite and 
augite Ijdng in a microgroundmass which resembles the preceding in its intersertal 
fabric. The leucite microphenocrysts are very abundant, as is expected, since it 
does not occur as megaphenocrysts. They are anhedral and mostly spheroidal, 
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though some irregular forms are noticed. They do not show very marked birefrin- 
gence, and inclusions are few and irr^ularly arranged. The microphenocrysts of 
augite are anhedral to subhedral, generally prismatic, and of the same color as the 
larger ones. 

The microgroundmass between these is composed of small tables of labradorite, 
with twinning and extinction angles which correspond to the composition Ab^Anj, 
small irregular grains of augite and fewer of olivine, and the usual magnetite grains 
and apatite needles, neither of which are numerous. The arrangement of the feld- 
spar tables is diverse, inclosing the other constituents. Between these well-defined 
minerals is a colorless residual cement, which in most specimens is somewhat bire- 
fringent and to be regarded as nephelite, which treatment of the rock powder with 
weak add proves to be present, and there is occasionally an isotropic glass of similar 
composition. 

Chemical composition, — An analysis of this type was made from material ob- 
tained at the quarries in the great flow of 163 1, at La Scala, near Torre del Greco, 
Mount Vesuvius. It has been abready published, but in incomplete form and with- 
out any petrographic details. For comparison are also given two of the older analy- 
ses of the same rock. 

Chemical Composition of ScakU Vesuvose-braccianose [Leuciie-iephritel. 



n. 



m. 



SiO, . . . 
Al,03... 
Fe,03.. 
FcO.... 
MgO... 
CaO... 
Na,0 . . 
K,0 . . . 
H,0 + . 
H,0-. 
CO..... 
TiO,... 
ZrO,... 
P.O5... 
SO,.... 

a 

s 

MnO... 
BaO... 



47.71 


0.795 


17.61 


.173 


2.46 


.015 


5.68 


.079 


4.80 


.120 


9.42 


.168 


2.75 


.045 


7.64 


.081 


trace 




XLd* 


none 




0-37 


.005 


0.06 




0.77 


.005 


none 




none 




n.d. 




0.26 





47-47 


0.791 


46.41 


774 


16.69 


.164 


19.67 


.193 


4.20 


.026 


6.88 


:S 


5.90 


.082 


4.17 


4.34 


.109 


5.23 


131 


9.98 


.179 


'0.53 


188 


2.28 


.037 


2.02 


032 


7.46 


.080 


4-99 


053 


0.08 




O.II 




n. d. 




n-d. 




n. d. 


.003 


n-d. 
n.d. 




1:2 


.001 


n. d. 






n.d. 




0.40 


.011 


0.41 


Oil 


n.d. 




n.d. 




I.I5 


0.16 


n.d. 




n.d. 




n. d. 





99.53 



100.69 



100.42 



Sp. gr. 



2.700 



• Matnial dried at ixoP. 
I. Scalal vesuvose-bracdanose [leudte-tephrite]. La Scala, Torre del Greco, Mount Vesu- 
vius. Washington, analyst Cf. Washington, Prof. Paper U. S. G. S. No. 14, 

i903» p. 307. 
II. Scalal vesuvose-bracdanose Qeudte-tephrite]. Same locality. Haughton, analyst. Trans, 

R, Irish Acad., XXVI, 1876, p. 77. 
III. Scalal braccianose [leudte-tephrite]. Same locality. Fuchs, analyst Neu, Jahrb., 1866, 
p. 678. 
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Norm of /. Raiios of /. 



63.65 



r^i Sal 

Class ^; — =1.70 



Ne 12.785^9-30; P 

ol:::::::::::::::::::t^^!^-^) ''"'" ^ 

S'' 318 ^.,j3S.6i KaO^+NaaO- ^^ 

•P- 0-76^ ^ ^i Rang pTT^r; -2.68 

Ap 1.77 1.77/ <-at) 

Rest ^ Subrang ^jj^, -1.80 

99.58 

Comparison of this analysis with that of the vesbal type shows that the two are 
remarkably similar, the figures for silica and the alkalis especially being nearly 
dupKcates. The ratios, however, show that this t3rpe is closer to the border of order 
8 than the other, so close that it should be regarded as transitional between brae- 
danose where it actually falls, and vesuvose, the homologous subrang in order 8 of 
dosalane. In fact this type was formerly assigned to the subrang of vesuvose* on 
the basis of the incomplete analysis, and the change in position is due to the deter- 
mination of P9O5, which, by combining with CaO to form apatite, sets free sufficient 
SiOa to change the relative amoimts of orthoclase and leudte so that the ratio of 
feldspar to lenads is lenfelic rather than feldolenic. 

Of the two older analyses, that of Hau^ton (U) most closely resembles the 
latest one, and must be regarded as the more correct. The only differences of note 
are the lower alumina and the very high figure for MnO. This last is undoubtedly 
erroneous, as the amoimt of this constituent should not exceed 0.20 per cent, and it 
most probably arises from the conunon analytical mishap of incomplete precipitation 
of aliunina, the impredpitated portion of which is subsequently thrown down with 
the manganese and weighed as such. If this is assumed to be true and the apparent 
amoimt of MnO is added to that of AljOj, the figure for the latter becomes 17.8a, 
in close agreement with I. 

Of analysis III little need be said, except that it is undoubtedly incorrect in the 
figures for alkalis, especially potash. The amoimt shown allows of the formation 
of only 23.1 per cent of leucite, which is much below the proportion which the micro- 
scope shows is present, and would lead to the presence of about 40 per cent of labra- 
dorite, AbxAn,, a figure, on the other hand, much in excess of the actual amount. 

Mode, — ^The estimation of the mode of this type is strictly analogous to that of 
the vesbal. While the augite megaphenocrysts could be estimated readily, and the 
microphenocrysts of leucite fairly well, the other constituents did not lend them- 
selves to this method of procedure. On the other hand, the calculation of the mode 
from the norm presents no difficulty, and it is noteworthy that here, as in the vesbal 
type, the silica left available for soda after formation of augite, olivine, leucite, and 

* See refcKiioe under the analyns. 
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anorthite is just sufficient to yield the right amount of albite for the observed com- 
position of the labradorite, using the regular equations. 

Labradorite, AbaAnj 13.8 

Leucite 35 . 6 

Nephelite 9.9 

Augite 31.8 

Olivine 6.1 

Ores I . o 

Apatite 1.8 

100. o 
This result is very similar to the mode of the vesbal type, and is in harmony 
with what we have noted of the rock characters. The amount of labradorite is lower 
and that of leucite higher in accord with its transitional magmatic position, and the 
slightly greater quantities of augite and olivine and less of ores agree with the micro- 
scopic observations. The presence of considerable nephelite was confirmed by 
treatment with very dilute acid, as in the previous case. 

Occurrence. — Rocks of this type are only met with in the Campanian District, 
especially at Mount Vesuvius. Here they are most typically represented by the 
great flows of 1631, which reached the sea at various points between Portici and 
Torre Annunziata. These are quarried extensively for use in Naples, especially at 
Granatello near Portici and La Scala near Torre del Greco. Specimens from the 
following flows, which have been examined by me, also belong to this type: 1551, 
^SSS* ^^069 1810, 1822, 1855. The descriptions of Fuchs and others do not allow 
of discrimination between this type and another with more abundant and larger 
augite megaphenocrysts. 

Name. — ^The t3rpe derives its name from the locality. La Scala, of the quarry 
whence the material analyzed was derived. In prevailing classifications it would be 
known as a leudte-tephrite, as in the preceding types, 

SCALAL VB5UV0Se-BRACCIAN05B. II. 8-7. 2. 2. 

Megascopic characters, — Light gray, compact, somewhat poxphyritic. Augite pheno- 
crysts not abundant, 2 to 5 mm. long, prismatic, dark-green or black. Leucite phenocrjrsts very 
rare or none, i to 3 mm., round, pale-gray or white. Olivine phenociysts very few or none* 
0.5 to 2 mm., equant, pale greenish-yellow. Groundmass, light gray, very fine-grained, phanero- 
crjrstalline. 

Microscopic characters. — ^Holocrystalline, feediophyric, perpatic. Phenocrysts: about 10 
per cent, augite, sometimes also leucite and olivine. Groundmass, about 90 per cent, micio- 
porphyritic. Microphenocrysts: about 50 per cent, leucite, augite. Microgroundmass: about 40 
per cent, labradorite, augite, nephelite, magnetite, olivine, apatite. 

Labradorite, AbjAnj. — Groundmass: about 14 per cent, 0.05 to 0.20 mm., subhedral, 
thin tabular or prismatic, twinned, arrangement diverse. 

Leucite, — Phenocrysts: none to 2 per cent 0.5 to 2.0 mm., anhedral, equant to irregular. 
Microphenocrysts: about 35 percent, o. i to o. 3 mm., anhedral, equant to irregular, inclusions few. 

Nephelite. — Groundmass: about 5 to 10 per cent, anhedral, as interstitial cement. 

Augite. — Megaphenocrysts: about 10 per cent, 2 to 5 mm., subhedral, prismatic, some- 
times fragmentary, greenish-gray, few inclusions. Microphenocrysts: about 10 per cent, o. i to 
0.4 mm., subhedral to anhedral, prismatic to equant, pale greenish-gray. Microgroundmass: 
about 10 per cent, 0.02 to o. 10 mm., anhedral, equant. 
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OUvine. — ^Phenocrysts: none to 2 per cent, o. 5 to 9 . o mm., subhedral to anhedral, equant 
to fusiform, colorless. Groundmass: about 4 per cent, o. 2 to o. 03 mm., anhedral, equant. 

Magnetite. — Groundmass: about 2 per cent, 0.02 to 0.05 mm., anhedral, equant 

Apatite. — Groundmass: about 2 per cent, 0.05 to i.omm., subhedral, prismatic. 

Chemical composition and norm as on p. 119. 

Tjrpe specimen from flow of 163 1, La Scala, near Torre del Greco, Mount Vesuvius, 
Campanian District. 

II. 8. 2. 2. Romal Vesuvose [Leucitlte, Rome Type]. 

This type is as yet unestablished by an analysis, so that a brief description of 
it must suffice. It is based on several specimens which, on careful comparison with 
those of similar types of undoubted bracdanose and albanose rocks, were judged 
to be intermediate between them, differing from the former in the total absence of 
feldspar between the leudte and small augite crystals, nephelite or glass in small 
amount repladng it, and from the latter by the considerably greater amount of 
leudte as compared with augite, indicating a position in dosalane rather than in 
salfemane. These measurements could not be carried out very exactly, for reasons 
given above, but the differences are dearly seen on comparison of the sections. It 
may also be added that the occurrence of such a type is to be expected in the region. 

Megascopic characters. — ^The rocks are very dark gray or almost black, dense 
and compact, showing very few phenocrysts of leudte and augite. The groundmass 
is aphanitic, or extremely fine-grained. 

Microscopic characters. — ^These correspond in every way with those described 
later imder romal albanose, except that leudte is slightly more abundant. The 
fabric is in most cases a dathrate one, composed of niunerous small, round anhedra 
of leudte, with some pale greenish-gray augite microphenocrysts, and an interstitial 
microgroundmass of small felted augite prisms, often tangential toward the leudtes, 
with many minute magnetite grains. No feldspar is present, but between the augite 
prismoids is a colorless cement which is either nephelite or glass. Olivine does not 
often occur in this t3rpe, but a minimal amoimt may be present in some cases. 

Chemical composition and mode. — ^As no chemical analysis of this type was avail- 
able, the attempt was made to calculate the chemical composition from the measured 
mode. For this a spedmen was chosen Upm a quarry opposite the railroad station 
of Oriolo, below Monte Raschio, in the Sabatinian District, as the amount of leu- 
dte seemed to be deddedly greater than in similar albanose rocks, and the grain was 
suffidently large to allow fairly accurate measurements and with probably not very 
serious error from overlapping of the dark minerals. The results of this are seen 
bdow, in which the ''augite" indudes the small amount of nephelite base, the 
exact quantity of which is impossible to measure. 

Units VoL%. Sp.gr. Wt. %. 

Leudte 1,041 — 51.0 X 2.5 — 127.5 43.8 

Augite 932 - 45.7 X 3.2* = 146.2 50.2 

Magnetite 68 - $.$ X 5.2 - 17.2 6.0 

2,041 100. o 290.9 100. o 

*3.3 corrected for xa per cent of Dephellte. 
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The rough figures given above must, however, be corrected for the small amount 

of nephelite, and some correction must also be made for the overlap, which we have 

seen to be a common source of error in all these rocks. The amount of nephelite 

was assimied to be 6 per cent, which is probably slightly below the true figure, if we 

can judge by the analogy of the calculated modes of galeral and hemical bracdanose. 

To estimate the amount of error due to overlap, the calculated and measured modes 

of hernical bracdanose (p. 114) were taken as the basis, as the two are similar in 

grain. On the assumption that the errors here are about the same, the observed 

amount of leudte was increased by one-tenth, that of magnetite reduced to one-half, 

and the balance referred to augite, after subtracting the 6 per cent of nephelite from 

this. The corrected mode would then be: 

Leudte 48. a 

Nephelite 6.0 

Augite 4a . 8 

Magnetite 3.0 

100. o 
To calculate the chemical composition from this the leudte was assumed to 
have the composition of that of Moimt Vesuvius as analyzed by Steiger,* the 
nephelite that of Vesuvius as analyzed by Rauflf,t and the augite that of Ticchiena 
as analyzed by myself. J The magnetite was assumed to be free from titanium. 
Using these data, the chemical composition of the rock and the norm are calculated 
to be: 

Chemical Composition, Norm. 

SiO, 48.8a 0.814 Or , -^L , ,- 

AltOj 16. ao .159 An 6. la T^'^^ 



6a. 70 



SiOt 48.8a 0.814 Or 723 J 

AlaOj 16. ao .159 An 6.1a) 

Fe.03 4.89 .031 Lc '♦°-55j^^ -5 

FcO 3.3a .046 Ne 8.80 J ^-35 

MgO 5.01 .las Di ^I'^l^f oa^ 

CaO 8.65 .155 Wo ""'^A ^'^^1x1 AO 

Na.0 1.89 .031 Mt 7.i9( n a7 T 

K,0 9.99 .106 II 2.a8? 947; 

TiO, i.a4 .015 

100.10 

100.01 

This analysis resembles very dosely those of the bracdanose types and, as 
wiU be seen, those of albanose rocks, the chief difference being the higher potash. 
Examination of the norm shows that while it is well within the limits of order 8, rang 
3, and subrang 2, it is almost exactly on the line between dosalane (in which it 
faUs) and salfemane, and is consequently an albanose-vesuvose. 

Occurrence. — ^Rocks which may be provisionally referred to this type, thou^ 
texturally some of them have a fabric which is saccal rather than romal, are found 
in the Vulsinian District at the Sassi Landati and in the Fossa Mdona on the east 
shore of Lake Bolsena, in the Sabatinian at Oriolo and on the north side of Lagosello, 
and in the Auruncan below Preta. 

* Bull. U. S. Geol. Sunr. No. aao, 1903, p. 30. 

t Zeits. Kryst.^ II, 1878. p. 454; Dana, Mineralogy, No. 6, p. 435. 

X Cf. p. 134. 
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Name, — The subrang name is derived from that of Mount Vesuvius, on the 
basis of the position formerly* assigned the t)rpes of vesbal and scalal bracdanose. 
But, as we have seen above,t these rocks do not properly fall in vesuvose (II. 8. 
3. 3), but in bracdanose (U. 7. 2. 2). The error is an unfortunate one and the 
subrang II. 7. 2. 2 could appropriately be called vesuvose, as this subrang is very 
abundant and characteristic at Vesuvius. But on the grounds of priority and 
previous publication, and on account of the liability to misunderstanding if a 
change is made, it is deemed best to preserve the names with their original signifi- 
cations as to rang and subrang. The type name will be discussed later. 

In the prevaiUng systems of dassification this type would be included among 
the leudtites, consisting, as the rocks do almost exclusively, of leucite and augite. 

III. 8-7. 2. 2. Qaieral Albanose-Jugose [Leucltite, Qaiera Type]. 

Megascopic characters, — In the hand specimen this type can not be distin- 
guished from galeral braccianose, vesuvose, or albanose. The rock is very dark 
gray or black, with rare phenocrysts of leucite or augite in the aphanitic or very fine- 
grained groundmass, and is typically a basalt, or a melaphyre if the few phenocrysts 
are considered to be of importance. Vesicular forms seem to be uncommon, and 
all my spedmens are very compact. 

Microscopic characters, — In thin section Ukewise it is a matter of great difficulty, 
if not an impossibility in some cases, to discriminate between this type and those 
mentioned above. But in general the greater amount of augite serves to distinguish 
them from the bracdanose and the presence of small amounts of feldspar from the 
albanose. 

In the type specimens the leucite phenocrysts are rarely seen in the section and 
call for no description. Those of augite are more numerous, from 0.5 to i.o mm. 
long, stoutly prismatic and subhedral, and of the usual very pale-gray color, almost 
wholly without indusions. The microgroundmass shows a clathrate fabric, with 
abundant small round leucite anhedra, weakly birefringent, between which lie 
many small prismoids and grains of common augite. In the type spedmen the 
tangential arrangement of the prisms is not so well marked as in the galeral brac- 
danose from Crodcchie, and the small augites are rather more often in the form of 
equant grains, showing a transition toward the hemical type, but the characteristic 
round leudtes indicate that the fabric may still be called dathrate. There are 
many small and irregular grains of magnetite and some olivine grains and apatite 
needles. Between these small crystals is a colorless base, in part isotropic, but the 
greater part of this is doubly refracting, with an index of refraction and birefringence 
deddedly greater than leudte, and apparently greater also than nephelite. Though 
this shows no twinning lamellae it may be regarded as feldspar, mostly plagioclase, 
which the calculated norm shows to be present, and as treatment of the rock powder 
with dilute add furnished only very small amounts of gdatinous silica. In some of 

* Wanhtngton, Prof. Paper U. S. Geol. Sunr. No. 14, 1903, p. 307. 
t Cf. pp. 104 and 1x9. 
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the sections there is a very small amount of yellowish melilite in interstitial patches, 
marking a transition toward the boval type to be described later, but this mineral 
here is quite negligible. Glass does not seem to be present, at least to a notable 
extent. 

Chemical composition, — ^An anal3rsis of this type was made from the quarry at 
Monte Jugo, the specimen being selected from this small flow so as to furnish a basis 
of comparison with Ricciardi's analysis, without chance of great differences in the 
results due to variations in the mass of rock. For this purpose his anal3rsis of the 
same rock is also given in II. 

Chemical ComposUum of Gaieral Atbanose-jugose [Leucitite]. 



n. 



n. 



SiO.. . . 
A1.0,.. 
FcOj.. 
FcO... 
MgO.. 
CaO... 
Na,0.. 
K,0... 
H.O+. 
H,0-. 
CO.... 



47-39 

14-79 

3.10 

S.08 

6.77 

II. 61 

1-49 

6.93 

o 

o 

none 



77 I 



.790 

•US 
.019 
.071 
.169 
.207 
.034 
•073 



48.30 

IS -07 

9.18 
7.48 

13-95 
0.94 

1-73 
1.78 



0.805 
.148 
.009 
.128 
.187 
.249 

.018 



TiO.. 
ZiO.. 
P.O5 
SO3. 
S 



(Cc,Di),03. 

MnO 

BaO 

SrO 



1. 41 
0.04 

0.45 
none 
none 
0.05 
n.d. 

0-I5 
0.04 



.018 
0.003 



100-35 



100 



47 0.003 



29 



72 



I. Gaieral albanose-jugose peudtite]. Monte Jugo, south of Montefiascone, Vulsinian District 

Washington, analjrst 
XI. Same rock. Same locality. Ricdardi, analjrst Cf. Klein, Neu. Jahrb., B. B. VI, 1889, p. 20. 



Norm of /. 

Or 8.06) , ^^N 

An '^M U3 7^ 

Lc ^5-51 „ «r ^^^ 

Ne 6.82 P^-3^'' 

Di 33-01 i -V 

01 404P"*®5) 

Mt 4.41? 7. IS 45-" 

2.745 ' ^\ 
1.01 1 



Class 



Order. 



Ratios of I. 

Sal 
Fern 

F 

L 



-0.66 



n 



Ap 1. 01 

Rest 



98.94 

1-23 



Rang .. 
Subrang . 



K,0' + Na,0' 



CaO' 



NaaO' 



-304 



100.17 



This analysis differs from all those previously given in the lower alumina and 
higher lime, this change marking the position of the rock in the salfemane class. 
As regards the magmatic position the type is well toward the center of the various 
divisions, except in that of rang, where it stands almost exactly on the border between 
rangs 7 and 8, so that the subrang is transitional between jugose (III. 7. 2. 2), where 
it belongs strictly, and albanose (III. 8. 2. 2). 

Analysis II resembles I rather closely in silica, alumina, magnesia, soda, and 
phosphoric oxide, but differs to a very marked extent in the oxides of iron, espe- 
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dally ferrous, lime, and potash. That the last is very much too low is clear from 
the fact that 1.73 per cent of potash would furnish but 7.85 per cent of leudte, 
a figure which is only about one-quarter of the amount of this mineral actually 
present. The norm of analysis II would place the rock in auvergnose (with 
gabbros, diabases, and feldspar-basalts), no leudtic types of which have ever been 
described or probably could exist, and, furthermore, all rocks with high (about 
50 per cent) feldspar, espedally plagiodase, which is almost wanting in the Monte 
Jugo rock, as we have seen. This anal3rsis of Ricdardi's must then be rejected, 
as well as many others of similar rocks published in the above-dted paper by 
Klein, study of the norms and the possible mineral compositions showing them to 
be quite imreliable. 

Mode, — ^Thc mode was calculated from the norm, the figures being checked so 
far as possible by study of sections under the microscope. In this calculation all the 
potash was assumed to go into leudte and the augite to have the usual composition. 

Labradorite, AbaAnj 10. 5 

Leudte 32.3 

Nephelite 3.4 

Augite 47. 1 

Olivine 4.0 

Magnetite i . i 

Apatite i .0 

100. o 

Occurrence. — ^This type is confined, apparently, to the Vulsinian District, the 
type specimen coming from the small parasitic cone of Monte Jugo, in the south- 
eastern part Other spedmens which may be referred here are from the quarry of 
Le Grazie near Montefiascone, from La Canonica near Orvieto, and from blocks 
southwest of Valentino. 

Name. — ^The name of the subrang HI. 7. 2. 2 is, of course, derived from that 
of the small cone from which comes the type specimen. The type rock from this 
locality k called by Kldn* " a leudte-tephrite, passing into leudtite." In view of 
the very subordinate amoimt of feldspar it would seem that the name leudtite 
would be appropriate in prevailing classifications. 

QAUBRAL ALBANOSB^UOOSB. II. B-7. 2. 2. 

Megascopic charaders. — ^Vciy dark gray or black, compact, aphyric, or with very rare 
phenocrysts of leudte and augite. Gioundmass aphanitic. 

Microscopic characters, — ^Holociystalline, microporphyritic, somewhat dathrate fabric. 
Microphenocrysts: about 45 per cent, leudte, augite. Miciogroundmass: about 55 per cent, 
augite, labradorite, olivine, nephelite, magnetite, apatite. 

Labradorite f Ab^Anj. — Groundmass: about 10 per cent, anhedral, as formless interstitial 
areas. 

Leudte. — ^Microphenocrysts: about 30 per cent, o.io to 0.20 mm., anhedral, equant, 
circular sections, inclusions few. 

Nephelite, — Groundmass: less than 5 per cent, anhedral, formless, interstitial areas, diffi- 
cult to detect 

* Kkin, N9U. Jahrb., B. B. VI. 1889, p. 20. 
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Augite. — ^Microphenocrysts: about 15 per cent, o. 10 to o. 50 mm., anhedral to subhedral, 
prismatic and fragmentary, pale greenish-g^ray, often zonal, inclusions few. Groundmass: 
about 30 per cent, 0.02 to o.iomm., anhedral, prismatic to equant, veiy pale greenish-gray, 
arrangement somewhat tangential aroimd the leucites. 

Olivine. — Groimdmass: about 4 per cent, 0.05 to o. 10, anhedral, equant, colorless. 

Magnetite. — About 2 per cent, o.oi to 0.05 mm., anhedral, equant. 

Apatite. — About i per cent, 0.02 to 0.05 mm., subhedral, prismatic. 

Chemical composition and norm as on p. 124. 

Type specimen from Monte Jugo, Vulsinian District. 

III. 7. 3. 2. Fiordinal Fiasconose [Leucite-Basanlte, Flordlne Type]. 

Megascopic characters. — This type is very dark gray and porphyritic. Abun- 
dant phenocrysts of dark-green or black augite, from 2 to 10 and even 20 mm. 
long, with fewer but still numerous phenocrysts of olive-green olivine, of about the 
same sizes, constitute some 30 per cent of the rock volume. The groundmass in 
which they lie is dark gray, compact, and quite aphanitic. The rock is dense and 
heavy, evidently highly femic, and in the field would go under the name of olivine- 
augite melaphyre. 

Microscopic characters, — The very abundant augite phenocrysts are for the most 
part euhedral to subhedral, often "corroded" at the borders into small pits and 
pockets, and not uncommonly fragmentary. They are of the usual very pale-gray 
color, here without any tinge of green, and are remarkably free from inclusions, 
small grains of magnetite being the only ones observed. The large olivines are 
similarly euhedral to subhedral, often fragmentary, showing the common simple 
planes, quite colorless, as free from inclusions as the augites (here also magnetite 
being the only included mineral), and are quite fresh, except for a thin external dark 
brown zone. 

The groundmass in which these lie contains many small, equant anhedra of 
augite and euhedral crystals of olivine which run serially up to the phenocrysts in 
size. With them are considerable numbers of very small, round, water-clear leu- 
dtes, in part subhedral with crystal planes and in part completely anhedral, the 
double refraction being weak but discernible with a selenite plate. There are also a 
few small, irregular areas of brownish biotite and some magnetite grains, but no 
feldspar laths or apatite. 

The colorless base between these crystals shows considerable diversity in dif- 
ferent parts of the section. In places it shows the birefringence and twinning 
lamellae of plagioclase, the extinction angles of which correspond to an almost pure 
anorthite. These feldspars form irregular areas inclosing poikilitically the smaller 
crystals, and with the small leucites standing out well against them on account of 
the considerably lower refractive index. Elsewhere the patches are more feebly 
biref ringent and without twinning lamellae, and are regarded as nephelite, while again 
the base is isotropic, and is either nephelite in basal section or less commonly glass. 

Chemical composition. — An analysis of the rock from near Fiordine was made, 
a large amount of material being taken to obtain a representative sample. For com- 
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parison is also given the only other known analysis of a rock of the same subrang, 
a "ouachitite'' from a dike near Hot Springs in Arkansas. According to Kemp's 
description* this is highly biotitic and is to be regarded as a distinct type, to which 
the name of ouachital fiasconose may be given. An analysis of a rock from Mon- 
tana belonging to a closely related magma, described by Pirsson, to which the type 
name of anowal cascadose may be given, will be found in III. 

Chemical Composition of Fiordinal Fiasconose [Leucite-basaniie], 



n. 



ni. 



SiO... 

A1.03. 
Fe.03. 

FeO .. 

MgO. 

CaO.. 

NaaO. 

K,0.. 

H.O + 

H,0- 

CO,... 

TiO... 

ZrO... 

P.O5.. 

SO3... 

CI 

Cr.Oj. 
MnO . 
BaO.. 
SrO... 



44.89 


0.748 


"•73 


•"5 


331 


.021 


435 


.061 


13.71 


•343 


12.85 


•231 


1.02 


.017 


3.66 


•039 


1. 59 




0.27 




none 




0.95 


.012 


trace 




0.23 


.002 


none 




0.03 




n.d. 




0.08 





99-77 



36.40 

12.94 

8.27 

4.59 

11.44 

14.46 

0.97 

3.01 

2.36 

3-94 
0.42 

X.04 



n.d. 



99.84 



46.04 

12.23 

3.86 

4.60 

10.38 

8.97 
2.42 

5-77 

2.87 

0.64 

1. 14 
trace 

O.II 

trace 
0.48 
0.25 

99.76 



Fiordine, near Montefiascone, Vulsinian District 

Eakins, analyst 



I. Fiordinal fiasconose (leudte-basanite). 

Washington, analyst 
n. Ouachital fiasconose (ouachitite). Dike 18, near Hot Springs, Arkansas. 

J. F. Williams, Ann, Rep. Geol. Suru. Ark,, 1890, 11, p. 399. 
IIL Arrowal cascadose (minette). Dike near Arrow Peak, Highwood Mountains, Montana. 
Foote, analyst L. V. Pirsson, Bull. U. S. G. S. No. 237, 1905, p. 145. 

Ratios of I, 

^, Sal 

Class 

41 14 



Or 

An 
Ix. 
Ne 
Di 
01 
Mt 
Tl. 
Ap 



Norm of I, 



Rest 



. 4.83? 
.33-86 j 

.15.63 
• 4.87 
. 1.82! 
. 0.63 

07-95 
. 1.86 



21.40 

49-49) 

6.69 
0.63) 



"Fern 



—0.72 



Order. 



56.81 



Rang. 



Subning . 



F 
L 

K,0^+Na.O^ 
CaO' 

K,0' 



—0.92 



-0.81 



99.81 



NaaO' 



— 2.29 



The analysis shown in I b remarkable as being the lowest in silica, alumina, 
and potash, and the highest in magnesia and lime, of any of the rocks analyzed. As 

^ KemiH In lUmKama, Amm, Rtf, CeoL Smv. Ark,, II, iSgo* pi». 393 '• 
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far as the nonn goes, it is seen to be well within all the divisions, and this, as well as 
the normative mode of the type, its fresh and unaltered condition, caused its locality 
to be chosen for the name of the subrang rather than the locality root of the longer* 
known ouachitite. The chemical resemblance to the Arkansas rock b very close on 
the whole, though there are some differences of importance, notably in the silica, 
ferric oxide, lime, and magnesia. As this last rock is far from fresh, some of these 
differences may be ascribed to alteration, and its analysis is not veiy significant. 
The Montana rock, while closely similar to the Italian in silica, alumina, and iron 
oxides, differs notably in the figures for magnesia, lime, and the two alkalis, the lime 
being very considerably lower and the others higher than in I. The differences are 
expressed in its position, HI. 7. 2. 3. It is of interest to note that of these dosdy 
related magmas, the fiordinal type, a lava flow, is almost strictly normative, the 
leucites shown by the norm appearing modally as such, while in the other two types, 
which occiu: as dikes, the mode is abnormative, the normative leudte and much of 
the normative olivine molecules* combining to form modal biotite, the rocks showing 
no leucite. 

Mode. — Owing to the difficulty of determining the exact areas of the dark pheno- 
crysts against the dark groundmass in the hand specimen, the amount of these 
could be determined only approximately, and the sections were not large enough 
to allow a representative area to be measured under the microscope. For these 
reasons the estimation of the mode by Rosiwal's method was abandoned, though 
sufficiently exact data were obtained to serve as some check on the results of the cal- 
culation of the mode from the norm. This offered no diffioilties, all the potash 
going into leucite, the normative olivine being accepted as the modal, and the augite 
being assiuned to have the usual composition. The amoimt of silica left to com- 
bine with the soda, after formation of the other modal minerals, is barely more than 
is requisite to form nephelite, the amount of albite being thus negligible, which 
agrees with the character of the plagioclase determined by the extinction angles as 
an almost pure anorthite. The very small amount of biotite was neglected in the 

calculation. 

Anorthite 13 . i 

Leudte 17.3 

Nephelite 3.4 

Augite 48.0 

Olivine 15.9 

Ores 1.7 

Apatite 0.6 

100. o 

The mode is thus normative and the type would be described as a normative 
alferfemphyro-fiasconose. 

Occurrence, — As far as known this type occurs only in the vicinity of Monte- 
fiascone, in the southeastern part of the Vulsinian District, especially near Fiordine* 
Some of the small valleys and dry stream beds here yield many well-formed, small 
crystals of both augite and olivine, derived from this rock. A somewhat similar type 

* The ouAchital type is apparently Titreoua. 
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is met with as a flow at the small hill of San Francesco, southeast of Ceccano, in the 
Hemican District. This, however, is lighter in color, though it presents much the 
same, but smaller, phenocrysts of olivine and augite. Its groundmass is much finer 
grained, with numerous small prismoids of augite, but little olivine, magnetite 
grains, and no biotite, embedded in a colorless base. This last is seen to be in part 
of plagioclase, in small, short laths, and in part isotropic, and possibly leudte. 
Unfortunately no analysis has, as yet, been made of this rock, the specimens of 
which are not very fresh, so that its assignment to this type is but provisional and 
somewhat doubtful. 

Name. — ^The name of the subrang to which this type belongs. III. 7. 3. 2, is 
derived from Montefiascone, the chief town in the neighborhood, and the typal 
adjective is derived from the hamlet of Fiordine, near which the type specimen 
analyzed was foimd. 

The type from Fiordine has not yet been described, it would appear, but under 
the prevailing classifications there b no doubt that it would be called a leudte- 
basanite, though the amounts of leudte and feldspar are not very great. The type 
from San Francesco, near Ceccano, which b very doubtfully referred here, b called 
by Viola a feldspar-basalt, though he also mentions a leudte-basanite from San 
Francesco, apparently a distinct rock, of which I found no specimens. In the 
absence of an analysis, and in view of the difficulty as to dedding whether leudte 
is present or not in the fine-grained groundmass, the name fddspar-basalt would 
seem to be appropriate for thb last occurrence, which, if found to be leudtic and by 
chemical analysb shown to bdong to the subrang III. 7. 3. 3, could be called 
ceccanal fiasconose. 

PIORDINAL HASCONOSB. III. 7. 3. 2. 

Megascopic characters, — ^Daik gray, compact, highly porphyritic. Augite phenociysts 
abundant, a to 10 mm., prismatic, equant and irregular, black or dark green. Olivine pheno- 
crysts common, a to ao mm., equant, olive-green. Groundmass: dark gray, aphanitic. 

Microscopic characters. — Holocrystalline, magnophyric, dopatic. Phenociysts: about 30 per 
cent, augite, olivine. Groundmass: about 71 per cent, zenomorphic granular, augite, leudte 
anorthite, olivine, biotite, magnetite, apatite. 

Anorthite. — Groundmass: about 13 per cent, anhedral, poikilitic areas, twinned, indosing 
leudte, augite, olivine, magnetite. 

Leudte. — Groundmass: about 17 per cent, 0.02 to o. 10 anhedral, equant, round sections, 
dear, free from indusions, indosed poikilitically in the anorthite. 

Nephelite. — Groundmass: about 3 per cent, anhedral, interstitial. 

Augite. — ^Phenociysts: about 25 per cent, 0.05 to 20.0 mm., euhedral to subhedral, pris- 
matic, equant, and irregular, often fragmentary, pale gray, few indusions of magnetite. Ground- 
mass: about 25 per cent, 0.02 to o. 50 mm., anhedral, equant and prismatic, veiy pale gray. 

Olivine. — Phenocrysts: about 10 per cent, 0.5 to 20 mm., subhedral to anhedral, equant 
and tabular, coloriess, only slightly altered on edges, few indusions of magnetite. Ground- 
mass: about 5 per cent, o. 05 to o. 50 mm., euhedral to subhedral, equant, prismatic and tabular, 
colorless, very slightly altered. 

Biotite. — Groundmass: about 2 per cent, o.i to 0.5 mm., anhedral, as irregular, inter- 
stitial patches, often indosing augite, olivine, and magnetite poikilitically, brown. 

Magnetite. — Groundmass: about 2 per cent, o.oi to 0.05 mm., anhedral,*equant 
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Apatite. — Groundmass: about i per cent or less, 0.02 to 0.05 mm., subhedral, prismatic, 
difficult to detect. 

Chemical composition and norm as on p. 127. 

Type specimen from Fiordine, near Montefiascone, Vulsinian District. 

III. 8. 2. 2. Romal Albanose [Leudtite, Rome Type]. 

Megascopic characters, — ^The rocks which belong to this type are very uniform 
in character megascopically, dense, dark-gray or black basalts, wholly aphyric or 
almost wholly so, the phenocrysts being very rare, small leucites and augites. 
The texture is aphanitic, no <iistinction between dark and light mineral particles 
being visible to the naked eye or with the hand lens. 

Microscopic characters, — In thin section this type presents much the same 
features as those described under galeral braccianose, except that the small amount 
of feldspar visible in that is here totally absent or almost so. The texture is holo- 
crystalline, and the fabric a more or less clathrate one, with the characteristic round 
leucites, though transitions to the xenomorphic granular fabric of the hemical and 
saccal types are not rare. These are somewhat difficult to classify with certainty, 
but the general rule that microphenocrysts of leucite characterize the galeral and romal 
types, and microphenocrysts of augite the hemical and saccal, is a useful diagnostic 
character. The small (0.05 to 0.2 mm.) round leucites are abundant, but relatively 
not as much so as in the corresponding type of braccianose or vesuvose. Skeleton 
development is rather common. Augite microphenocrysts are not abundant, and 
assume the form of stout subhedral or anhedral prismoids, of the usual color and 
optical characters. The greater part of this mineral is in the form of minute prisms 
and grains between the leucites, as already described. Magnetite grains are always 
present, in varying but small amounts, and the same is true of apatite. There is a 
small quantity of colorless, interstitial base, the exact study of which is difficult, 
owing to the felted character of the microgroundmass. In places it appears to be 
plagioclase, again nephelite or glass, though these are rarer, but the amount in any 
case is small. In some specimens there are small patches of yellowish, interstitial 
melilite, marking a transition to the boval type, but in typical ones this b negligible 
or wholly absent. In some instances there may be a triffing amount of interstitial 
brownish biotite. Olivine is sometimes present, in rare small grains, and again 
wholly absent. 

Chemical composition, — ^An analysis of a characteristic specimen of this type 
was made and is given below in I. There is also given for comparison in II an analy- 
sis of the coarse granular type from the High wood Moimtains (missourite), which 
is magmatically very close to the dof emane class, where it was formerly placed,* but 
which the more accurately calculated norm of Pirssonf has shown to be just across 
the border in salfemane, and hence in albanose. To this type the name " missoural 
albanose " may be applied, in recognition of its name in the prevailing systems. 

* Washington, Prof. Paper, U. S. GeoL Sunr. No. Z4i Z903, p. 355. 
t Pirssoo. Bun. U. S. Geol. Sunr. No. 237. ZQOSt P* lao. 



PETROGRAPHY. 

Chemical CamposUion of Romal Albanose [LeucitUe]. 



131 





I. 


n. 




I. 


II. 


SiOa 


46.24 0.771 

14.42 .141 

4.06 .025 

4.36 .061 
6.99 .175 

13.24 .237 
1.65 .027 

6.37 .068 
0.78 

0.57 


46.06 

10.01 

317 
5.61 

14.74 

10.55 

1. 31 

SI4 

1.44 


COa 

TiOa 

ZlOa 

PaOs 

SO3 

CI 


none 

I. 17 o.iS 

trace 

0.41 .003 

0.02 

n.'d.* 
0.13 




A1,0« 


073 


FeaO, 


FeO 


0.21 


MeO 


0.05 
0.03 

trace 


CaO 


Na,0 


MnO 

BaO 

SrO 


KaO 


0.32 
0.20 


H,0+ .. 




100.41 


99-57 



I. Romal albanose peudtite]. Upper flow of Monte Rado, east of Lake Bolsena, Vulsinian 
District. Washington, analyst 

II. Missoural albanose [missourite]. Shonkin Creek, Highwood Mountains, Montana. Hurl- 
but, analyst Pirsson, Bull. U. S. G. S. No. 237, 1905, p. 117. 



Norm of /. 

An 12.79 

Lc 29.65 j 

Ne 7.67 J 

Di 35- 10] 

01 2.65 

Am 2.02 ] 

Mt 5.80) 

H 2.28! 

Ap 0.97 



98.93 
100.43 
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•79[so.ii 
.32 > 



12.79 
37 



Class. 



39. 771 

8.08 
0.97 



Order. 



Sal 
Fem 

F 
L 



-0.34 



48.82 



Rest. 



Rang 

Subrang . 



K»0^-l-Na,0^ 
CaO' 

NaaO' 



■2.07 



-2.52 



The analysis in I resembles in general the preceding ones of types of brae- 
cianose, which have also been called leucitite, or leucite-tephrite, but differs in the 
somewhat lower alumina and potash, and in the higher lime. Comparison with the 
missoural type shows the general resemblance and at the same time the much more 
femic character of the latter (the norm of which is published by Pirsson in the paper 
cited). This difference is brought out by comparison of the ratios, especially those 
for class, which in I is almost exactly that of the center point, while in II it is almost 
exactly at the border between Classes I and II. Otherwise both are well within the 
other divisions, the ratios of the alkalis being almost identical. 

Mode. — ^For the same reasons that have obtained before it was impracticable 
to measure the mode of this type optically. It was calculated from the norm as 
usual, the only new assmnption being that the small amoimt of mehlite, known to be 
present by microscopical study and indicated by the norm, had the composition 
of that of Monte Somma as analyzed by Bodllnder.* In II is given the mode of mis- 
soural albanose [missourite] calculated by Pirsson.f 

* Bodttnder, Ntu, Johrh, I, 1893, p. 17. 
t FfiwoD, loc cU., p. 1x8. 
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I. n. 

Anorthite 5.3 none 

Leudte 30.0 16 

Nephelite 5.8 none 

Analdte none 4 

Zeolites none 4 

Augite 50.4 50 

Olivine 2.3 15 

Melilite 3.4 none 

Biotite trace 6 

Ores 1.8 5 

Apatite i . o 

100. o 100 

The figures of I correspond with the appearance in thin section, and may be 
regarded as approximately correct. As compared wth the missonral type the amount 
of augite in each is the same, and the nepheUte of I is replaced by analdte and zeoHtes 
in n. The chief differences are found in the much higher leucite and lower oHvine 
of I, as well as in the presence in this of anorthite and melilite and in 11 of biotite, 
all in small amounts. It is clear that the mode of I is practically normative, the re- 
adjustments needed to form augite and meUlite being negHgible, while the mode of II 
is more abnormative, about one-quarter of the normative leucite going into biotite.* 
The romal type may then be described as normative salphyri-albanose, while the 
missoiu^l type would be a biotitic grano-albanose. 

Occurrence. — ^This type is abundant in certain districts, especially in the Vul- 
sinian, the Sabatinian, and the Latian. In the first some locaUties are near San 
Lorenzo and at the cemetery of Bolsena, at the upper flow in the quarry on the west 
side of Monte Rado, and at the Ponte della Regina and Madonna del Borgale, south- 
east of Lake Bolsena. In the Sabatinian District the most prominent locality is 
the crater of Trevignano, on the north shore of Lake Bracdano. Most of the exten- 
sive flows south of the lake with a similar habit belong to bracdanose, as we have 
seen, but at Casacda, near the Anguillara station, this type of albanose occtirs. In 
the Latian District the type is common, and some locaHties are Monte Cavo, Grotta 
Ferrata, and the Villa Aldobrandini, near Frascati. 

Name, — ^The name of the subrang is derived from that of the Alban Hills, in 
which this magma is represented abundantly. That of the type is derived from that 
of the region, of which this is one of the most characteristic types. 

In the prevailing systems these rocks have been uniformly called leudtites, 
and this may be regarded as their proper name, though the term should logically, it 
would seem, be reserved for rocks composed wholly of leudte or almost so.f 

ROMAL ALBANOSE. III. 8. 2. 2. 

Megascopic characters. — ^Very dark gray or black, compact, aphyric, or with very rare 
phenocrysts of leudte and augite. Groundmass aphanitic. 

* As 4.Q per cent of the normative leudte is preseat in the UoCite it would seem that the modal amoun 
of biotite is really somewhat more than is here calculated. 

t Cf. Cross. Am, Jour. Sci., IV, 1897. P. Z37; and Was hin gt on , fW^ DC, zgoo, p. 54. 
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Microscopic characters. — ^Holocrystalline, microporphyridc, dathrate microfabric. Micro- 
phenocrysts: about 50 per cent, leudte, augite. Microgroundmass: about 60 per cent, augite, 
anorthite, olivine, magnetite, apatite, sometimes melilite and biotite. 

Anarthite, — Groundmass: about 5 per cent, anhedral, interstitial, difficult to distinguish. 

Leucite. — ^MicrophenociTsts: about 30 per cent, 0.05 to o. 20 mm., subhedral to anhedral, 
equant, round sections, sometimes skeleton fonns, inclusions common, very small, mostly of 
^ass or augite, regularly arranged. 

Nepheiiie. — Groundmass: about 5 per cent, anhedral, interstitial areas, difficult to detect. 

Augiie, — ^Microphenociysts: about 20 per cent, o. 10 to 0.30 mm., anhedral, prismatic, or 
fragmentary, pale yeUowish-gray, inclusions few. Microgroundmass: about 30 per cent, 0.02 
to 0.05 mm., anhedral, prismatic to equant, very pale yellowish-gray, arrangement partly 
tangential around the leudtes. 

Olivine. — Groundmass: 2 to o per cent, 0.05 to o. 10 mm., anhedral, equant 

Biotite. — I to o per cent, anhedral, small interstitial areas. 

Melilite. — Groundmass: 3 to o per cent, anhedral, interstitial areas. 

Magnetite. — Groundmass: about 2 per cent, o.oi to 0.05 mm., anhedral, equant 

Apatite. — ^About i per cent, 0.03 to 0.05 mm., subhedral, prismatic. 

Chemical composition and norm as on p. 131. 

Type specimen from Monte Rado, east of Lake Bolsena, Vulsinian District. 

III. 8. 2. 2. Saccal Altaoose [Lettdtltet Sacco Type]. 

Megascopic characters. — ^In the hand specimen this type resembles closely that 
just described, being dense and very dark gray, and almost wholly aphyric, the very 
rare phenocrysts, when present, being of leucite and augite. In examining a series 
of specimens of the two, however, it is noticed that the color of the romal type is 
distinctly darker as a rule than that of the saccal, though both are so dark and 
aphanitic as to be called basalts in the field. 

Microscopic charaders. — ^To this type the description of the hemical bracdanose 
applies very well, except as to the feldspar, which is here scarcely visible. The rock 
is holocrystalline and with the same xenomorphic granular fabric. There are fairly 
numerous microphenocrysts of augite, from 0.2 to 0.5 mm. long, in stout, subhedral 
prismoids and equant anhedral grains. They are of the usual pale-gray color, 
in some specimens with a zonal structure, slightly darker and greenish toward the 
center, and almost wholly free from inclusions. This augite has been studied by 
Viola,* though the variety examined by him is decidedly greener and apparently 
richer in the sgirite molecule than that shown in my sections. He gives the extinc- 
tion angle c Ar in the small non-pleochroic crystals as 45^, while I obtained 42^ for 
a As. To this pyroxene he gives the name of fedorowite. As an analysis of typical 
augite from the rocks of the Roman Region was desirable, a specimen of this 
type was chosen for examination from near Ticchiena, north of Frosinone, in the 
Hemican District. The rock powder used for the chemical analysis of the rock was 
digested for some hours in warm dilute hydrochloric add, to which a little hydro- 
fluoric add was added. The residue was washed out with dilute solution of sodium 
carbonate and the process repeated, but without hydrofluoric add, the final residue 
being, of course, washed perfectly free from all soluble salts. This process would 

* C Viola, Nmh JekrK, 18991 It RPw xo»-«i. 
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naturally dissolve all the leudte, olivine, melilite, magnetite, apatite, and anorthite, 
which are the only other minerals present, and would have only a slight effect on the 
augite, removing the outer portions. A few larger augites in the specimen were 
zonal, but the majority of them and all the small ones were quite uniform in char- 
acter from center to periphery. The analysis resulted as follows: 

Analysis of Augiie {FedorowiU) from Ticchiena, Hemican District, 

SiOa 45-46 0.758 

TiO, 2.85 .036 

AlaOa 6.47 063 

FcaOj 6.6a .041 

FeO 5.64 .078 

MnO 0.15 0.00a 

MgO la . 7a . a93 

CaO 20.17 .360 

NaaO 0.7a .oia 

KaO 0.65 .007 

100.45 

Combining these into the respective amounts of p3rroxene molecules, we get the 

following percentage composition: 

(Mg, Fe)(Al, Fe),Si06 21.00 - r-^ ^ 

CaMgSi,06 62.21 - .\c' 

CaSiOj 8.35 

(Na, K)FeSij06 9.00 

100.56 

That is, the p)rroxene has the molecular composition 85 (Mg, FeAl, Fe), 
Si06.288CaMgSi,06.72CaSia03.19(Na, K) FeSi.Oe, or more roughly 4 (Ca,Mg) 
Si03+(Mg, Fe) (Al, Fe)aSia06 with less than 1:20 of the acmite molecule. Cal- 
culating the norm of this pyroxene as if it were a rock, we get: 



Or 2.50 

An 12 . 23 

Lc 1.09 

Ne 3.41 

Di 63. 29 



Wo 2.67 

Mt 9.51 

II 5-47 



100.17 

It is thus seen that salic constituents make up about one-fifth of the augite, and 
may thus introduce very notable differences between the norm and mode in many 
cases. 

It may be mentioned, by the way, that the norm calculated above was used in 
readjusting the figures of the norm b to calculate the mode b, as this procedure was 
found to be more easy and simple than that of ratios of the different chemical con- 
stituents as compared with the data in the assumed mineral composition, as ex- 
plained elsewhere.* 

Between the larger augites, and either between or indosing the smaller ones, are 
small formless or sometimes roimded individuals of leudte, which acts as an intersti- 
tial cement to a* large extent, though the individuals are small and not poikilitic in 
the usual sense of the term. With these leudtes are small areas of melilite in most 

* Crosi, Iddings, Pirasoo, Washington, QmiU. Class, Ign, Rocks, Chicafo, 1903, pp. ti6 ft. 
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of the specimens, the amount of this varying somewhat and never being large. There 
is also a very little soda-lime feldspar, in minute, stout prismoids, generally a few 
grains of olivine, and small grains of magnetite and needles of apatite. 

Chemical camposUian. — ^Two analyses were made of rocks of this type, both 
specimens coming from the Hemican District. With them are given two other 
analyses of rocks from this area, though they are not altogether worthy of confidence. 

Chemical Composiiion of Saccal Albanose [LeucUite\ 



VL 



in. 



IV. 



SiOa.. 
AI.O3. 
FcOa- 
FeO.. 
MgO. 
CaO.. 
Na.O. 
K,0.. 
H.O + 
HaO- 
CO... 
TiO, . 
ZrO,.. 
PaO,. 
SO3.. 

S 

CuO.. 
NiO.. 
MnO. 
BaO.. 
SiO... 



46.27 
17-25 
3-94 
3- 23 
S.08 
11.40 
2.67 
8.58 
0.77 
0.13 
none 
I. II 
0.03 

0-39 
trace 
none 



n.d. 
o.io 
0.06 

100.61 



0.771 
.169 
.025 
.044 
.127 
.204 
.044 
.091 



.014 
.003 



47-05 
17.08 

3-04 
4.89 

567 

10.63 

1. 61 

7.52 
0.71) 
0.22 ) 
none 

115 
0.02 
0.17 
none 
none 
none 
0.05 
n.d. 
0.09 

99.90 



0.784 
.167 
.019 
.068 
.142 
.189 
.026 
.080 



.014 
.001 



47-59 

18.02 
6.44 
1. 19 
2.41 

11.66 
1.84 

10.05 

0.72 



0-5 
0.23 



100.66 



49-23 

17.69 

6.87 

2.03 

4.20 

12.73 
2.05 

5.18 
0.80 



0.30 



101.08 



I. Saccal albanose [leuddte]. Ticchiena, near Frosinone, Hemican District Washington, 

analyst 
II. Saccal albanose [leudtite]. Pofi, Hemican District Washington, analyst 
in. "Leudtite." Pofi, Hemican District Spedale, analyst Cf. Viola, loc. cU,, p. 100. 
IV. "Leudte-basalt" Morolo, Hemican District Viola, analyst Viola, Neu, Jahrb., 
1899, I, p. 97. 



An. 
Lc. 
Ne. 
Di . 
01 . 
Am 
Mt. 

n.. 

Ap. 



Rest. 



Norm of /. 



9.45 ^ 9.45 ) Or 3.89 J 20 8^ ^ 

39-68 ,s\^i6s An ^^'^^ ^((k, ^6 

i2.soP2-i8) Lc 31-83L0 ,xP*^ 

19. 11) Ne 7.68539-51; 



3.14^29.52^ 

7-27; 
5.80J 

2.13) 
0.96 



7-93 1 
0.96 j 



100.04 
0.69 



38-41 



Di 
01 . 
Mt. 

II. . 
Ap. 



Rest. 



Norm of II. 

3.89 L 

16.96)' 



. 0.34 0.34/ 



99.00 
. 1.09 



38.64 



100.73 



100.09 
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Ratios. 

I. IL 

Sal ^ ^ 

Class =: — —1. 60 1.56 

rem 

p 
Order -- — o.i8 0.50 

^ ^^^^^'*<- -73 

'"'^"^ ^ —7 3.07 

Analyses I and II are much alike, the differences being of small importance. It 
will be noticed that their norms are imlike in that the norm of I shows considerable 
akermanite, while that of II shows no akermanite, but a little orthoclase, and con- 
siderably more anorthite and less leudte. These are explained by the slightly 
lower silica and higher lime and potash of I. The two resemble the analysis of the 
romal albanose (p. 130), but not as dosely as they do each other. In the former 
type the alumina and potash are considerably lower and the lime and magnesia 
higher. 

The analyses in III and IV are not very reliable. It may suffice to point out, 
as very doubtful features, the high alumina and low magnesia, the iron oxides, and 
the high potash, as well as the presence of copper in III. Copper was especially 
looked for in my analysis of the Pofi rock, but without finding even a trace, and it 
is probable that the copper reported by Spedale is in reality platinum derived from 
the vessels used. In IV may be noted the somewhat high silica, the iron oxides, 
the high lime, and the unsatisfactory summation. It may be noted that the magma 
represented by this analysis would fall in n. 6. 3. 3,* an improbable position for 
such a highly leudtic and feldspar-poor rock. 

Mode. — Neither of the spedmens lent themselves to microscopic measurement, 
on account of the fineness of the grain and the difficulty of estimating the leudte 
and interstitial substance. As the simpler one the mode of the Pofi rock will be 
discussed first. This calculates out as follows: 

Anorthite, AbiAnij 14. i 

Leudte 35 .0 

Nephelite 5.1 

Augite 41 . o 

Olivine 4.0 

Ores 0.5 

Apatite 0.3 

100. o 

This mode corresponds well with the appearance of the thin section, though 

the amount of anorthite is rather larger than one would expect. The adjustments 

are of comparatively slight importance, chiefly to form the augite, and those necessary 

to change orthoclase to leucite, with consequent formation of a little albite and less 

nephelite. The mode therefore may be regarded as normative and the rock 

described as normative alferphyri-albanose. 

* WashiagtoD, Prof. Paper, U. Si Geol. Surr. No. 14, xpoj, pb 301. 
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The mode of the Ticchiena rock was likewise easy to calculate from the norm, 
but the results do not correspond as well with the microscopic appearance. This 
is due to the amount of normative akermanite present, which demands the forma- 
tion of some 12 per cent of melilite, and there does not appear to be nearly so much of 
this actually, though a little \mdoubtedly exists. There is no more normative min* 
eral present from which we can abstract any silica to change the akermanite in 
part to wollastonite to form augite, and there is no reason for thinking that the 
analysis is defective to the serious extent implied by the normative presence of so 
much akermanite and so little modal melilite. As the grain is very fine, except for 
the rather numerous augite microphenocrysts, it may well be that more melilite is 
actually present than would appear in the section. However this may be, the results 
of the calculation are as follows: 

Anorthite 3.8 

Leudte 39. 7 

Nephelite 9.8 

Augite 28.9 

Olivine 1.6 

Melilite 12.2 

Ores 3.0 

Apatite i .0 

100. o 

This mode corresponds well with the thin section as far as the amounts of an- 
orthite, leudte, olivine, ores, and apatite go, and that of augite is fairly dose, though 
the apparent amount is somewhat greater. The main variations from the thin sec- 
tion are in the higher nephelite and melilite, the latter of which has been spoken of 
above. The mode is a normative one on the whole, but the implied presence of so 
much melilite, even though discoverable with difficulty, would suggest that this 
rock be distinguished from that of Pofi. This could be done by erecting it into a 
distinct type, whch might be called the ticchienal, and distinguished from the true 
saccal by the presence of melilite, and from the boval type to be described next, 
which is also rich in melilite, by the phenocrystic character of the augite and the less 
obvious melilite. But to avoid an undue number of type names this rock will, for 
the present, be considered to be of the same type as the Pofi one, that is, saccal. 

Occurrence, — ^This type of albanose is by no means so common as the romal, 
and specimens could be identified with certainty only from the Hemican District, 
at the two localities cited, from the Vulsinian, where it forms the flow on the simunit 
of Monte Rado, above that mentioned on pp. 131 and 132, and in the Sabatinian 
at the Fosso San Celso, on the south shore of Lake Bracdano. 

Name. — ^The derivation of the subrang name has been already discussed. The 
typal adjective is derived from the Sacco River, in the valley of which rocks of this 
type are prominent 

In the prevailing classifications these rocks are for the most part to be regarded 
as leudtites, though the small amount of plagiodasein some spedmens has suggested 
the name of leudte-tephrite as the more appropriate. The sm^llness of the quantity 
of olivine wmild render the term leudte-basanite inappropriate. 
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SACCAL ALBAN05B. III. 8. 2. 2. 

Megascopic characters, — ^Veiy dark gray, compact, aphyiic, or with very rare phenociysts 
of augite and leucite, aphanitic. 

Microscopic characters. — ^Holociystalline, microporphyritic. Microphenocrysts: about ao 
per cent, augite. Microgroundmass: about 80 per cent, leucite, augite, anorthite, nephelite> 
olivine, magnetite, apatite, usually melilite. 

Anorthite. — Four to 10 per cent, anhedral, part as veiy small prisms, part interstitial, 
sometimes difficult to detect. 

Leucite. — ^About 35 per cent, 0.03 to o. 10 nmi., anhedral, equant, usually round sections* 
sometimes irregular, clear, inclusions few. 

Nephelite. — About 5 per cent, anhedral, interstitial cement. 

Augite. — Microphenocrysts: about 20 per cent, 0.2 to 0.5 mm., subhedral to anhedral, 
prismatic, often fragmentary, pale greenish-gray, sometimes zonal. Microgroundmass: about 
30 per cent, 0.02 to o. 2 mm., anhedral, prismatic and equant, very pale greenish-gray. 

Olivine. — 4 to o per cent, 0.05 to o. 10 mm., anhedral to subhedral, equant, colorless. 

Melilite. — o to 5 per cent, anhedral, as formless, interstitial areas, yellowish. 

Magnetite. — About 2 per cent, 0.02 to 0.05 mm., anhedral, equant. 

Apatite. — About i per cent, 0.03 to o. 10 nmi., subhedral, prismatic. 

Chemical composition and norm as on p. 135. 

Tjrpe specimens from Pofi and Ticchiena, Hemican District. 

III. 8. 2. 2. Boval Albanose [Leucitlte, Bove Type, CeclUte]. 

Megascopic characters. — ^This type does not diflFer in the hand specimen, to any 
marked extent, from those just described. The rocks are dense, very dark gray, in 
this more like the hemical type, and are aphanitic. They are for the most part 
entirely aphyric, but may carry very rare phenocrysts of leucite or augite, as in the 
other cases. Some of them, as specimens from Capo di Bove, show a peculiar, very 
faint mottled appearance, in patches of very slightly greenish-gray mingled with the 
general dark gray. This has been noticed in other melilite rocks, as well as in 
more ordinary basalts, and seems to be due to incipient weathering. 

Microscopic characters. — ^This type is wholly holocrystalline, and with a peculiar 
fabric which resembles the clathrate described above, but differs in the greater 
thickness of the spaces between the round leucite spots. 

Small (0.05 to 0.20), round leucites are abundant, making up about one-half of 
the rock. Many of them are subhedral, showing some crystal planes, while others 
are quite anhedral and with round outlines. They very commonly carry small, 
mostly black, inclusions, which are arranged radially or as circular lines of dots. 
Birefringence is rather weak but unmistakable. 

Between these are the other constituents. There is a good deal of augite, of 
the usual pale-gray color, which is largely in formless, interstitial masses, but occa- 
sionally subhedrally prismatic. This constitutes about one-quarter of the rock. 
Melilite is also present in very considerable amount, but less than the augite, in 
similar interstitial areas, usually poikilitic. The mineral is of a very pale yellowish- 
gray, with high relief, shows the usual blue-gray color between crossed nicols, 
and has often the well-known "pflock" structure. There are also similar areas of 
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clear, colorless nephelite, in about the same amount as the melilite, and rare sub- 
hedral prisms of this mineral are seen here and there. 

As accessories occur very small anhedral grains of olivine, few small, stout laths 
of anorthite, magnetite grains, and apatite needles. In some specimens there are 
also a few small flakes of brownish biotite. 

Chemical camposUion. — ^An analysis was made of this type, which has been 
already published in incomplete form. In column II is given the only other analysis 
so far made of this well-known rock. 

Chemical CamposUion of Boval Albanose [MdilUie LeucUUe, CecUUe\ 





L 


n. 




I. 


n. 


SiOa 


d^.OO Or*l^*l 


45-93 
18.7a 
n.d. 
10.68 
S.67 

6.83 


H,0+ 

CO, 

TiO, 

P.O. 

MnO 

BaO 

SiO 


0.45 

none 

0.37 0.005 

0.56 .004 

n.d. 

o.as 

none 


0-59 


AltOj 


16.56 

5-38 
S-30 

8.97 


026 

075 

'M 


Fe,Oj 




FeO.. 




MffO 




CaO 




NaaO ...• 




IT 




^»\J 


100.65 


100.67 



I. Boval albanose [leudtite]. Capo di Bove, Latian District Washington, analyst. Cf. 

Am, Jowr. Set,, IX, 1900, p. 53. 
II. Boval albanose [leudtite]. Capo di Bove, Latian District. Bunsen, analyst. Roth, Beiir. 
Petrog,^ 1869, p. di, No. 31. 



An. 
Lc.. 
Ne. 
Di.. 
01.. 
Am. 
Mt. 

n.. 

Ap. 



Rest. 



Norm of I. 

8.6a 

41-86 

9-94 



8.6a ^ 

16.13) 
8.18 .31.58 

•03 : 



60.4a 



7 

. 6 

.. 0.76 J 
. . I . a6 

100.05 
0.70 

100.75 



6.79 
i.a6 



3963 



Ratios of I. 

^ Sal 

"«» f^ -'S* 

F 
Order =" —0.17 

^ K,0^-|-NaaO^ 

^« — cio^ ^-^3 

K O' 
Subrang ^^ -a. 74 



Analysis I resembles those of the two preceding types of albanose, though 
it is decidedly more like that of the rock from Ticchiena. 

Mode, — ^The sections of this type were fairly well adapted to measurement 
under the microscope, though it was often somewhat difficult to distinguish between 
the colorless minerals. The results of such a study are found below. The mode 
was readily calculated, the usual assumptions being made as to the composition of 
the augite and melilite. 
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Calculated. 


Measuued. 




41.9 
3.6[ 
7-3 S 


Units Vol.%. Sp.gr. 
2,05s - 44.9 X 2.5 - 112. 1 


Wt.% 
38.6 


460 - lo.i X 2.6 - 26.3 


91 


22.6 i 

6.85 


1.493 - 32.7 X 3.3 - 107.9 


37-2 


12.6 
4.0 
1.2 


403 - 8.8 X 2.9 - 25.5 
160 - 3.5 X 5.2 - 18.2 


8.8 
6.3 


lOO.O 


4,571 100. 290.0 


100. 



Leucite. . . 
Anorthite . 
Nephelite. 
Augite . . . 
Olivine. . . 
MeUUte . . 
Magnetite 
Apatite . . . 



The correspondence between these is not very close, though they agree in the 
main features. It would seem that overlapping has entered to a considerable 
extent, and possibly that the section examined was not quite as rich in melilite as 
the mass of the rock. On the whole the mode is normative, but the notable amount 
of melilite should be considered, and the rock may therefore be described as a 
normative melilitic grani-albanose. 

Occurrence. — ^This type is rather common in the Latian District, not only at 
the well-known locality of Capo di Bove, but at Tusculimi, near Grotta Ferrata, 
and elsewhere. Rocks which may be considered to be of the same type are also 
found at Poggio Selva and as blocks in tuff at Madonna d'Oro, both near Monte- 
fiascone in the Vulsinian District, and at the fountain west of Trevignano in the 
Sabatinian. 

Name. — ^The type name is derived from the tjrpe locality of Capo di Bove, 
between Rome and the Alban Hills. 

In the prevailing systems this type has been uniformly included among the 
leucitites, of which it is always cited as the most prominent example. In view of 
the very considerable amoimt of melilite, and the interest due this mineral on account 
of its rarity, it might be well to revive Cordier's* old name "cecilite," derived from 
the tomb of Cecilia Metella above the quarry of Capo di Bove, for the melilite- 
bearing leucitites. Such a distinction would be advisable, since the great majority 
of the leucitites are free from melilite, as we have seen. The term "cedlal" can not 
well be used for the type adjective in the quantitative system, since the root "cedr* 
is already in u.se in the subrang cecilose (V. I^ i*. 2). 

BOVAL ALBANOSB. III. 8. 2. 2. 

Megascopic characters. — ^Very dark gray, compact, aphyric, but sometimes with very rare 
phenocrysts of leucite and augite, aphanitic. Occasionally slightly mottled if not quite fresh. 

Microscopic characters. — ^Holocrystalline, granular, partly poikilitic, leucite, augite, 
melilite, nephelite, olivine, anorthite, magnetite, apatite. 

Anorthite. — About 4 per cent, 0.05 to o.iomm., subhedral, tabular, twinned. 

* Cordier, Description da Roches, Paris, x868, p. 1x7. Cf. C. R. Vin Cong. (hoi. Int., Paris, xpoz, p. X05X 

Leucite. — About 40 per cent, 0.05 to o.2onmi., subhedral to anhedral, equant, round 
sections, clear, inclusions common, small, usually black, regulariy arranged, skeleton forms not 
infrequent. 

Nephelite. — About 7 per cent, anhedral, interstitial areas. 
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AugUe, — About 25 per cent, 0.05 to 0.50 mm., subhedral to anhedral, partly in prismatic 
and equant, partly irregular and interstitial; pale gray, few inclusions. 

Olivine. — ^About 7 per cent, 0.05 to o. 10 mm., anhedral, equant 

Meliliie. — About la per cent, anhedral, interstitial patches, sometimes poikilitic about the 
smaller crystals, areas up to 2 nmi. in diameter, "pflock" structure common, pale yellowish. 

Magnetite. — ^About 4 per cent, 0.02 to 0.05 nmi., anhedral, equant 

Apatite. — About i per cent, 0.03 to 0.08 nun., subhedral, prismatic. 

Chemical composition and norm as on p. 159. 

Type specimen from Capo di Bove, Latian District 

Correlation of Types. 

As the types described in the preceding pages are numerous, and as the char- 
acteristics on which they are based differ in certain respects from those which 
obtain in the prevailing systems, it will be not amiss to point out briefly the chief 
features in which those of the quantitative system resemble or differ from each other, 
and also to indicate the correlation between them and those of the prevailing systems. 
Types or the Quantitative System. 

In correlating the types from the point of view of the quantitative system alone 
we may devote special attention to the modal and textural characters denoted by 
the typal adjective, though the magmatic character, as expressed by the subrang 
name, must also be considered. It will have been noticed that the same type adjec- 
tive is applied to different subrangs. This has been the case when the subrangs 
resemble each other quite closely, as with vtilsinose, pulaskose, and monzonose, or 
with vesuvose and albanose, and when the modal and textural characters of the 
representatives of the different subrangs are so much alike that very close study, 
especially from the chemical side, is necessary to distinguish between the rocks. 
Thus only a chemical analysis or careful optical measurements can distinguish 
between the three types of bolsenal vulsinose, pulaskose, and monzonose, the modal 
characters differing but slightly and the textural being practically identical. By 
this plan of a single type adjective applicable to several subrangs the great similarity 
between such types is made manifest and the number of new terms is lessened. 

From the modal and textural points of view types may resemble or differ from 
each other either in respect to mode, or to texture, or to both together, and they may 
also form series of types with members which are homologous modally or texturally. 
This is illustrated by the following examples: 



1. 5. 1. 3. 


1. 5. 2. 2. 


II. 5. 2. 2. 


II. 5. 2. 3. 


Ischial phlegrose. 


Arsal vulsinose. 
Bolsenal vulsinose. 


Arsal dminose. 
Fiescolal Hminose. 


Arsal monzonose. 
Bolsenal monzonose. 



11. 5. 2. 2. 


If. 6 .2. 2. 


If. 7.2.2. 


Viterbal ciminose. 
Bagnoreal dminose. 
(Orvietal ciminose.) 


Foglianal vicose. 
Bagnoreal vicose. 
Orvietal vicose. 


Vesbal bracdanose. 
Scalal bracdanose. 
Galeral bracdanose. 
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In both sets as we read down there is a progressive diminution in the size and 
abundance of the phenocrysts, here assumedly all salic, in the first set of feldspar* 
and in the second of leucite. In the ischial and arsal types the feldspar phenocrysts 
are large and numerous, while in the cumal, bolsenal, and fiescolal types they are 
small and scarce, and some olivine appears in the fiescolal type. Similarly in the 
viterbal, foglianal, and vesbal types the leudte phenocrysts are large, abimdant, 
and prominent, they become small and scarce in the bagnoreal and scalal, and 
there are no megaphenocrysts in the orvietal and galeral types. Types which 
resemble each other as these do, which are found in the same row, may be said to 
be texturaUy homologous. 

An analogous relationship is manifest modally. Thus the types of f^egrose 
show no soda-lime feldspar, those of vulsinose carry a very notable quantity of this, 
while in the types of monzonose this mineral becomes more prominent. In the 
leucitic types of dminose soda-lime feldspar is very subordinate in amount to the 
alkali-feldspar, and there is no leucite in the groundmass; in those of vicose alkali- 
feldspar is less and soda-lime feldspar is much increased, and there is much leudte 
in the groundmass; while in the types of bracdanose alkali-feldspar has disappeared, 
its place being taken by groundmass leudte, and a labradorite or anorthite is the only 
feldspar. Types which resemble each other as these do, which are found in the 
same column, may be said to be modally homologous. 

The relations are not always as simple and as clearly cut as in the above examples, 
complications being introduced by the presence of other minerals or differences in 
the minor textural characters. Thus in the above set of leudtic types there are a 
few feldspar phenocrysts and even less of augite present along with those oMeudte* 
and the fabric of the groundmass, for instance, may be a trachytic one in some types 
and a felted, granular, or intersertal one in others. It will also frequently happen 
that no homologues, either modal or textural, are known. Thus the tavolatal appia- 
nose, with its very large leucite phenocrysts and abundant haiiynes, does not much 
resemble any of the others, though it is texturally similar to the paglial pulaskose 
and some of the foglianal vicoses which have similarly huge leudte phenocrysts. 

Furthermore, a certain degree of latitude may be allowed in the application of 
these homologies, as is the case with the definition of types. Thus the foglianal 
ciminose-auruncose and vesbal bracdanose may be said to be texturally homologous 
with the foglianal vicose described above, though the size of the leudte phenocrysts 
in these two types is smaller than is true of the last in the type spedmens. 

Correlation with the Prevailing Systems. 

It will be clear from an examination of the table on page 14, as well as from a 
study of the descriptions, that the distinctions between the types of the quantitative 
dassification are more sharply drawn in some ways than is true of those of the pre- 
vailing systems. Thus rocks which would be called vulsinite in the latter are here 
referred to at least six distinct types, being distinguished partly by thdr magmatic 
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positions and partly by their textural characters. The same is the case to a still greater 
extent with the leucite-tephrites, which are here referred to at least eleven types, while 
the leudte-trachytes have been split up into six types, and the leucitites into seven. 

In part this is due to a recognition here of differences, either modal or textural, 
which have been usually disregarded either because they have been thought to be 
of minor importance or through a certain reluctance to add to the terminology of 
petrography. In part also it is due to the fact that a very considerable portion 
of the rocks under investigation are so extremely scarce and so rarely met with out- 
side of the Roman Region that any recognition of differences between them has been 
thought to be "not worth while." In regard to this last it may be said that to be 
logical and consistent throughout petrography should apply its principles of classi- 
fication and nomenclature impartially and irrespective of the commonness or rarity 
of the objects studied. This is one of the fimdamental principles of the quantita- 
tive system in regard to the chemical and mineralogical constituents,* and, it may 
be added, in regard to the textural characters as well. 

But, however reluctant one may be to increase the "burden of new names," 
and therefore endeavor to force clearly distinct types into old frames, as by 
calling missourite a leucite-gabbro; and however neglectful petrographers may be 
of the less well-known rocks, and therefore content to lump together the obviously 
imlike, there is a growing recognition of the need of increasingly finer distinctions, 
which is felt even with the rarest types as the petrographical knowledge of the 
remote portions of the earth increases. 

This need is met, not only by the frank use of new names, but in part by ref 
erence of rocks belonging to the larger groups to certain "types," and in part by the 
use of qualifying adjectives. As illustrations of these, and as correlating the two 
systems, it may be pointed out that the ischial phlegrose corresponds fairly well with 
Rosenbusch's "Ponza typus" of the true trachytes, while the cumal phlegrose is 
approximately the same as his "phonoUtic trachyte," though there are textural dis- 
tinctions made in the quantitative system which do not obtain in the prevailing 
ones. Similarly, the tavolatal appianose is distinguished from the other leudte. 
tephrites as of the "phonolithoid type." Again, the types of galeral and hemical 
braccianose, that is, leucitites which carry a little labradorite, are distinguished from 
the romal or saccal albanose (fddspar-free leucitites) by the adjective "tephritic." 

It would lead us too far astray to discuss further this important topic, but the 
general facts thus briefly pointed out will serve to indicate the hues along which a 
correlation of the types of the two systems may be studied. 

* Cross. Iddings, Pirason, and Washington, op, cii,^ p. io8. 



PETROLOGY. 

Introduction. 

Having obtained a detailed idea of the petrography of the region, it remains 
to discuss its petrology, the relations of the magmas and of the rock types to each 
other, and the conclusions which may be drawn from them. In this way we shall 
obtain a knowledge of the general petrological character of the region and shall be 
in a position to discuss the bearing of the facts on the theories of differentiation and 
to compare the region with others. 

These regional or clan characters are of various kinds, of which the most 
important are the chemical, the mineralogical, and the textural, their importance 
being in the above order, as the chemical characters are the most, and the textural 
the least, dependent on the composition of the magma. With them should also be 
discussed the geologic occurrence of the types, the space relations or geographic 
distribution, the time relations or order of succession, and the quantitative relations 
or relative masses, of the different magmas and types, as well as the average com- 
position or that of the parent magma, whose discussion may well be included in 
that of the closely connected quantitative relations. 

Qeologic Occurrence. 

The geologic occurrence of the rocks has already been described in a previous 
chapter, and it only remains here to point out some of the general facts observed 
in the geologic structure of the volcanoes and their relations to the occurrence of 
the different magmas. 

In the Roman Region the occurrence of the rocks is overwhelmingly that of 
lava flows and beds of tuff, which have been ejected at the surface from volcanic 
vents. No deep-seated masses have been revealed, the time for erosion since the 
close of volcanic activity having been too short. It is also a striking feature that 
dikes are extremely rare, the most abundant being in the inner walls of Monte 
Somma, and the only other known occurrences being a few sporadic cases in the 
Ciminian District observed by some geologists. It must, however, be said that 
my own researches failed to reveal these, and, as far as my personal knowledge goes, 
there is not a single dike in the region outside the Vesbian Volcano. 

The main feature of interest in connection with the geologic occurrence is that 
the more complex volcanic structures are situated at or toward the extremities of 
the zone, and that they are at the same time much the most varied, in their eruptive 
rocks, both as to number of types and range of chemical composition, while the 
simpler volcanoes are toward the center of the zone and show very few types, with 
a narrow range in chemical composition. As far as the structures go this will be 
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evident from the geological descriptions of the diflFerent districts, by which it is seen 
that the outer districts — the Vulsinian, Ciminian, and Sabatinian on the north, and 
the Campanian and Auruncan on the south — ^are of complex volcanic structure, and 
for the most part made up of the products from several vents, while of the inner ones, 
the Latian consists of but a single volcano, or rather the successive sommas and 
cones around a single vent, and the Hemican of a number of very small and simple 
cones. The complexity of the magmas will be discussed later. 

In this connection it is interesting to note that the volcanoes of the Tuscan 
Region, eniunerated on p. i, are all of a simple type and that their eruptive rocks 
are in each case extremely uniform, the different types of each being chiefly dis- 
tinguished by their textural characters.* Another interesting fact in connection 
with these volcanoes is that dikes are quite numerous, although they are so rare 
at the Roman ones. 

A second factor which may be significant of deeper relations is that the more 
complex volcanoes are very close to each other, and have been often in a state of 
activity contemporaneously, while the simpler central volcanoes are farther apart, 
both from each other and from the next outer complex ones. 

As the occurrence of the rocks is so imiformly that of flows or tuffs, there is 
little opportunity to observe any relations between the characters of the rocks or 
the magmas and the geologic occurrence. So far as my knowledge goes, there is 
no constant or evident relation between the two. Magmas of the most diverse 
kinds have poured forth in both small and massive flows and have assmned the 
most diverse types, sometimes highly porphyritic and sometimes aphyric, some- 
times leudtic and sometimes free from this mineral. The tuffs, likewise, are of 
very diverse petrographic characters, but as little attention was paid to them by 
me no generalization can be attempted here. 

Chemical Characters. 

The chemical characters of the Roman Region may be studied in the annexed 
table, where are collected the superior analyses which have been presented in the 
preceding pages, those heretofore unpublished except in the collection of analyses 
being indicated by an asterisk. Although they do not include every type found 
in the region, nor representatives in each district of all the types which occur in it, 
they are so numerous and cover such a wide range that they may be held to be 
representative of the whole and a satisfactory basis for generalizations. 

The chemical characters of any region manifest themselves in two ways. They 
may be constant, or practically constant, throughout the region, and consist in the 
prominence or predominance of certain constituents and the comparative subor- 
dination of others. Thus some regions, like those of Christiania and Madagascar, 
are characterized by the abundance of alkalis relative to lime, while others, like that 
of eastern Canada, show lime largely preponderating over the alkalis. Or, the 

* CI. De Stefui, BM. Sac (kd. IM., X, zSqz, p. 550; tJao Waahinftoo, /mt. Gtd., V, 18971 P> 349> 
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rocks of a region may have the common feature of high magnesia, or be uniformly 
quaric (siliceous) and with lenads (leudte and nephelite) quite absent, and so on. 
These may be called the absolute characters, in contradistinction to the serial ones 
to be mentioned presently. Superposed on these absolute characters, if one may 
so express oneself, are the characters which may be called serial, and which consist 
in a de&iite variation in the amounts of one or more constituents concomitant with 
a variation in one or more others, which variations may be either in the same or 
opposite direction. Thus it is now well established for many regions, and as a 
general (though not invariable) character of igneous rocks, that the alkalis and 
alumina increase with increasing silica, while iron, magnesia, and often lime decrease. 
Or again, the relations between potash and soda, or between magnesia and ferrous 
oxide, miay vary with variations in the silica. 

Assuming the derivation of the rocks of any given region from a conmion 
magma by differentiation, it would seem that the absolute characters are dependent 
on the composition of this, while the serial characters are due to the chemical changes 
brought about by the processes of differentiation, the absolute characters persisting 
in spite of these. For these reasons it would be advisable to keep clear the 
distinction between the two as far as possible. 

Absolute Chemical Chakacters. 

The range of silica is considerable, from 62 to 45 per cent, while if the relative 
masses of the various rock types are taken into consideration, the range in the 
most abundant types would be only from $6 to 47. In general terms, therefore, 
the silica may be said to be medium to rather low and with a rather narrow range. 
Alumina is generally high and its most marked characteristic is its very narrow 
range in most of the analyses, only from 17 to 20 per cent. In only five is it higher, 
and then but slightly so, from 20.8 to 21 .4, while in five others it is lower, from 
16.6 to 12.7, these ten being mostly of rather rare types. 

The oxides of iron and magnesia are almost uniformly low, and the range 
comparatively small, with a few exceptions, though not as narrow as that of alumina. 
Lime, in contradistinction to the other bivalent oxides, is almost uniformly quite 
high, and with a very considerable range. Soda, on the other hand, is rather low, 
and while the total range is considerable (from i .0 to 7.2), it is only from i .$ to 
3 . S in the majority of the analyses. Potash, like lime, is distinctly high, and with 
a very considerable range, from 3.7 to 11. 3, the higher figures being almost the 
highest ever recorded for this constituent in igneous rocks, although the range of 
the miajority is only from 6.4 to 9.6 per cent. 

Turning to the minor constituents, we find sufficient data for miany of them to 
permit of some general statements. Titanium dioxide is almost uniformly high, 
ranging from 0.3 to i .4, and in most of the rocks falling between 0.6 and 1.2 per 
cent. As this constituent was determined in most cases by the very reliable colon- 
metric method, the figures for it miay be regarded as more trustworthy than is 
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usually true of European rocks. Zirconia, on the other hand, is always low, never 
rising above o. i per cent and sometimes being either absent or present in unweigh- 
able traces. The content of phosphorus is also low, the percentages of phosphoric 
pentoxide running from o. i to i .o, though figures higher than o. 5 are exceptional. 
Sulphur trioxide and chlorine are seldom met with in more than traces, and are 
frequently absent, though about i per cent of SO3 is shown in one very rare type. 
Carbon dioxide seems to be uniformly absent, a somewhat remarkable fact in view 
of the generally high content in lime, and even though fresh and unaltered rocks 
were chosen for analysis. 

The oxides of the rare-earth metals, when looked for, were found in very 
small amount both in salic and femic types, and it is possible that traces of them 
are uniformly present in most of the rocks. Chromium was only observed once, 
in a rock rich in olivine, and even here in scarcely more than a trace, and was 
apparently absent in all the others. Nickel seems to be absent, except as possible 
traces in the more femic rocks, and the absence of copper in all cases where tests 
were made for it is noteworthy, as it is often supposed that this element is quite 
frequent in Italian igneous rocks,* on the basis of anal3rses by Spedalef of lavas 
from the Hemican District and by Forstner^ of lavas from Pantelleria. The pres- 
ence of copper in the last will be investigated shortly on material recently collected 
by the writer. 

Although for reasons explained elsewhere manganese was not estimated in 
any of the rocks, the color of the sodiimi carbonate fusion showed that it is always 
present. But it probably seldom rises above 0.25 nor falls below 0.05 per cent, 
and an average of about o. 10 per cent would be very close to the truth. Of the 
other elements the occurrence of baryta in, for this constituent, quite large amounts, 
is very noteworthy. It was found in practically every case where it was looked 
for in amounts varying from 0.06 to 0.29 per cent. Strontia was, unfortunately, 
only occasionally estimated and was always found to be in solely more than 
traces when present, and occasionally absent. 

Connected with these absolute characters, or rather as an extension or more 
detailed statement of some of them, are certain relations between some of the con- 
stituents which persist more or less uniformly throughout the whole series. The 
first which may be mentioned is the general deficiency of the magmas in silica. 
In only two or three cases is there an excess of silica over the bases, that is, more 
than sufficient to form the most highly silicated minerals. In the great majority 
of the rocks, even in those which are perfelic, there is so little of this that the 
less highly silicated minerals, as leudte, nephelite, olivine, or melilite, are formed, 
either in the norm or in the mode, and usually in both. 

A second important relation is the dominance of potash over soda (molecu- 
larly), which is very marked, and which is shown in the systematic classification by. 

• a. J. H. L. Vofft, l€its. praki. Gtti^ 1898, fk 317. 

t S. Spedale, BsB. C^m. GmL Ilal^ 18791 P^ S09. 

t H. FQntner, ZMto. KryM^ Vm, 1883, pp. 173* X79i 18a. 
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the abundance of dopotassic subrangs. The exceptions to this are for the most part 
confined to the rarer rock types, the only important one being the rather conmion 
types of phlegrose (1. 5.1 .3), which will be discussed later. 

Another of scarcely less importance is the dominance of alkalis over salic 
lime, that is lime which enters into the normative feldspars. This is clearly shown 
by the abundance of rocks falling in peralkalic or domalkalic rangs, the alkali- 
calcic rangs being few and mostly represented by rare types. 

As a general thing, also, the molecules of ferrous oxide and magnesia together 
surpass those of total lime, and they invariably do those of femic lime, while molec- 
ularly magnesia is usually higher than ferrous oxide, though there are some notable 
exceptions to this last statement. Similarly titanium is invariably higher than 
phosphorus and baryta higher than strontia, these being the almost universal 
relations. 

To siun up the absolute chemical characters of the region then, we may say 
that as regards the main constituents, silica is moderately high to moderately low 
and mostly deficient; alumina uniformly high and with a remarkably narrow 
range; ferric and ferrous oxides and magnesia low and lime rather high; magnesia 
usually dominating ferrous iron, and both usually dominating lime and always 
femic lime; the total alkalis high, with soda usually low to moderately high, and 
potash high to very high; potash dominating soda and the alkalis together domi- 
nating salic lime; as regards the minor constituents, titanium and barium are 
high and phosphorus and manganese low, these being always present; zirconia, 
strontia, and the oxides of cerium, etc., are usually present, but only in traces; sul- 
phur and chlorine in varying but small amounts; and chromiimi, nickel, and cop- 
per are absent. 

Sekial Chemical Characters. 

The most obvious of these is that as silica falls the iron oxides, magnesia, lime, 
titanium, and phosphorus rise, while the total alkalis fall, alumina keeping fairly 
constant. Except as regards alumina this is the usual relation, obtaining not only 
for comagmatic regions (petrographic provinces), but for igneous rocks as a whole. 
It finds its expression in the division of classes in the quantitative system based 
on the relative amounts of salic and femic minerals in the norm. 

Within this general variation some more special ones of interest may be 
observed. As silica decreases, or as the femic components increase, the amount of » 
potash relative to soda increases on the whole. There are some exceptions to this, 
but the general law for this region seems to be amply substantiated by the great 
majority of the analyses. It is, however, of great importance to note that, with 
the exception of the persalic rocks in which soda is high, this relative increase in 
potash is brought about rather by increase in the potash relatively to the silica and 
the femic constituents than by decrease in the soda, the amount of this varying only 
within rather narrow limits. It is also shown by the general fact that the potash 
is higher relatively to the soda as the amount of lenic minerals in the norm or of 
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leucite in the mode rises, the persalic rocks being very largely or wholly feld- 
spathic, while the salfemanes are almost entirely leudtic and non-feldspathic. 
In the systematic quantitative classification this is well brought out by the fact 
that the majority of the occurrences of sodipotassic subrangs fall in the persalane 
class, as phlegrose (I. $• i* 3)» which is quite common, pulaskose (I. $• 2. 3), pro- 
cenose (I. 6. 2. 3), beemerose (I. 6. i. 3), and appianose (I. 7. i. 3); while in the 
dosalane class the only sodipotassic subrangs are harzose (II. 4. 3), monzonose 
(II. 5. 2. 3), and shoshonose (II. 5. 3. 3), which are decidedly sporadic, and that, 
fiinally, no sodipotassic subrangs of the salfemane class are known. 

While the alkalis dominate salic lime as a rule, they do so to a much greater 
extent as the salic components increase, as is shown in the classification by the 
frequent occurrence of peralkalic rangs in the rocks of the persalane class, alkali- 
caldc rangs being observed only in the dosalane class, though they do not occur 
in the more lenic orders of dosalane nor in the salfemanes, the relative increase in 
alkalis, especially potash, and the decrease in alumina here coming into play. 

It has been said above that magnesia dominates ferrous oxide in the majority 
of cases, and while this is true it is especially so of the more femic rocks, notably 
the salfemanes, where the ratio of MgO to FeO is apt to be high. This decreases 
in the dosalanes, and in the persalanes is often about unity, magnesia thus increasing 
relatively to ferrous oxide as the femic components increase or as silica decreases. 
A similar relation holds good of the predominance of magnesia and ferrous oxide 
over femic lime; this ratio increasing on the whole with increase in the femic 
minerals and lenads. 

As regards the minor constituents, both titanium and phosphorus increase on 
the whole toward the femic end, though there are some exceptions. Zirconia seems 
to be most apt to be present in the more salic rocks, especially when these are sodi- 
potassic, and the prevalence of this constituent in sodic magmas is well known. 
Barium shows less regular relations, but it may be said that in general it is some- 
what more abundant in the more femic magmas and especially in those which have 
potash high relatively to soda. Concerning strontium the data are unfortunately 
rather few, and while there seems to be no very general rule in regard to it, there 
are indications that it is more apt to be present in considerable amount in the more 
femic magmas and especially in those rich in lime. But the figures reported for 
it are uniformly so small that they are not conclusive. Chlorine and sulphuric 
anhydride are most conmion in the sodipotassic magmas, especially when persalic. 

Nomiative Characters. 

In the annexed table are given the norms of the various rocks, calculated from 
the analyses in the preceding table, and arranged in the same order. A study of 
these norms will give further insight into the chemical relations of the rocks 
and their magmas, especially their relations to the quantitative system, and will 
serve as an introduction to the discussion of their modes or the minerals actually 
present in them. 
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Norms of Roman Rocks. 



Ab... 
An... 
Lc... 
Ne... 
M.... 
Th... 
C... 
Ac... 
Di.... 

Ol... 
Am... 
Mt... 
U.... 
Hm.. 
Ap... 
Rest.. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


8;:::::::::::::;::: 


39. 5 


4a. 3 


43.4 


53^9 


45 


si*8 


51*7 


49-5 


lii 


56^7 


51*7 


Ab 


46.6 


39.3 


35.4 


a6.8 


41.4 


33.1 


ai.s 


as. a 


IX. S 


19. X 


An 

Lc 

Ne 





a. a 




a. 8 


1.4 


ia.8 


13.6 


la.a 


".5 


147 


IX. X 


S.I 


8.0 


9.5 


7.0 


3-4 


'o!6 


a.o 


0.9 


9.9 


4.3 


5.8 


HI 


0.5 


0.8 


0.7 


0.1 


o.a 


.... 


o.a 










Th 








0.3 


.... 














C 




.... 




















Ac 


.... 




3-7 




.... 




.... 










Di 


3. a 


i.O 


a. 9 


0.7 


3.0 


3-7 


4.3 


3.9 


a. 4 


a. a 


6.8 


5^o."v.:::::::.:::: 


0.5 


o'.S 


0.9 


a. 4 


"o'.'s 







:::: 










OI 












0.6 


0.6 


0.8 


a. 4 


3.0 




Am 
























Mt 


a. 3 


i.O 


a. 3 


a. 3 


1.6 


0.9 


4. a 


0.7 


a. 6 


4.6 


3-7 


11 


x-4 


I.I 


0.8 


x.x 


1.7 


x-S 


0.6 


0.9 


x.a 


1-4 


0.9 


Hm 


0.6 


X.8 


.... 


1.8 


t.3 


3.0 


0.3 


4.0 








Ap 


o.a 






0.3 


%:i 


0.4 


0.4 


0.7 


0.7 


0.4 


0.3 


Rett 


0.4 


0.3 


0.6 


I.O 


0.7 


0.9 


1.6 


1.0 


x.o 


x.x 




100.3 


lOO.O 


100. a 


100.7 


100.6 


100. 1 


100.3 


X00.3 


X00.8 


99.8 


X00.7 



12 



51.7 
14. a 
xa.8 



X0.8 



3.0 
1-5 



0.4 
1.7 



99.6 



13 



6a.3 

3-7 
4.7 

19.3 

0.3 

*i!6 
3.0 



x.a 
1.5 
1.4 

0.6 



X00.6 



14 



30.0 
6.1 

aS'.S 

19.3 

0.4 

X.9 



3.5 
'4*6 

x.x 

0.3 
1.4 



15 


16 


17 


IX. 8 






31. X 
aa.o 
X8.4 


X0.6 
5-7 


30.5 
15. a 
xa.o 


a. 4 


.... 


.... 


S'.i 


6.0 


14.6 
3.5 




1.9 


XX. a 


a. 8 
x.8 


3.3 
x.a 


1.9 
x.x 


0.7 
X.6 


0.3 
0.6 


0.9 
0.4 


X00.6 


xoo.a 


xoo.x 



18 


19 


20 


21 


22 


0.3 











37.8 


5a 


3 


SO.o 


4a.8 


45. 


IX. 5 


1 




15. a 


a.x 


14.9 


14. a 




xa.a 


13.3 


xa.a 




6 




5.9 


7-7 


7.8 


14.5 


6 




7'i 


aa.o 


IX. 4 


18.9 








.... 






X 




x.9 


5.7 


a.o 


'2 


4 




3.9 


3.3 


3.0 


0.8 


I 





1.4 


a. 3 


1.7 


0.7 







0.5 


0.6 


0.5 


o.a 


X 




1.3 


o.s 


x.o 


X00.7 


100 




99.6 


xoo.a 


X00.5 





23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


8;:;::::::::;:::;:: 


35.0 
3a. 5 
xo.o 

4.5 

.... 
9.1 

1.7 

3-3 
a. 4 

*o!8 
0.3 


21. s 
17. 5 

4.3 

5.9 

3.3 

35 
x.a 

a.x 


13. 6 
ax. 4 

5-9 

7. a 

1.9 
a.x 

1.3 
2.2 


4a!8 
6.8 
19. a 

6:3 

13. a 

x.o 

's'8 
a.o 

1.0 
1.9 


38^9 
9. a 
X9.a 

"6.'a 

'3*6 

4-4 

a. 7 

x.o 
0.8 


2t\\ 

a4.6 
aa.5 

'sis 

5.4 

*s'8 
a.o 

0.4 
o.a 


6i!7 
0.5 
95 

13. 1 

'sio 

a.o 

a. 3 
1.5 

0.3 
1-4 


37*5 

i7*.o 
X9.8 
9.7 

5.7 
4. a 

i's 

X.4 

0.0 
0.7 


39*5 

xa.6 
XX. 9 

xa.x 
x.o 

'5.8 
1.5 

"ii 


35. 

11.4 
x6.x 
9.x 

17*7 
0.4 

4*0 

l.X 

1.4 
X.o 
X.a 


40.0 


Ab 


An 


X7.0 
3.5 
".4 

15*5 

's*.7 


Lc 

Ne 


HI 

Th 

C 

Ac 

Di 


S^ov.:.:::::;::::::: 

01 


Am 


Mt 


3.7 
a. 3 

X 


D 


Hm 

Ap 


Rest 


0.7 






99.6 


99.9 


xoo. x 


100. 


99.8 


99.8 


xoo. 3 


xoo. 4 


90.6 


xoo.s 


xoo. 7 



PETROLOGY. 

Norms of Roman Rocks — Continued. 



153 





34 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


8r::::::::::::::::: 


14.5 
14.7 

3.9 
a. I 

1.3 
0.5 


ao.p 
at. 6 

XI. 9 

21.7 

0.1 

7.2 
x-5 

o!© 

I.O 


17. a 

ai.8 
xo.a 

'29. s 

a. 3 

5.1 
a. 3 

1*3 
1.5 


as!o 

xa.a 
X6.4 
".5 

17*0 

3.7 
a. 7 

2.3 
o.a 


XI. a 
la.S 

33*6 
'6!i 
"ii 
0.3 


'six 
13.3 

1:1 

33*0 

4-0 

4.4 
a. 7 

x.o 
I. a 


ole 

10. a 
x6.6 
4.8 

33. 

n 

'o!6 
1.0 


xa!8 

ao.7 

7.7 

35. i 

a. 7 
a.o 
5.8 
a. 3 

i.o 
1.5 


0-5 
30- 7 
ia.5 

10' X 
3.1 

li 

a. I 

1.0 

0.7 


30 

i^o 

31.8 

7.7 

a7«8 

3.0 

4.4 
a.x 

0.3 
I.I 


.... 


Ab 

An 


'8!6 


Lc 


41. 9 


Ne 


00 
16! x 


HI 

Th 

C 

Ac-. 

Di 


S^oV.v.;::::::;::::: 

01 


8. a 


Am 

Mt 


n 


n 


0.8 


Hm 

Ap 


1.3 
0.7 


Rest 






100.8 


00.6 


00.8 


100. 1 


00.6 


100. a 


00.8 


100.4 


100.7 


100. 1 


100.8 



The first fact, and one of the most striking to be noted, is the rarity of quartz. 
This mineral is found only three times, in one case in notable amount in harzose, 
once in shoshonose, and again in negligible quantity in a ciminose. The feldspars 
make up very large percentages of nearly all the norms, except in the salfemanes 
(39-44) where they are largely replaced by lenads. Of the feldspars orthoclase 
and anorthite are the most constant, the former vanishing only in albanose 
(III. 8. 2. 2), and the amount of anorthite being negligible only in phlegrose (I. 5. 
I. 3), beemerose (I. 6. i. 3), and appianose (I. 7. i. 3). It is worthy of note that 
the amount of this anorthite molecule is remarkably constant, for the most part 
about 12 or 13 per cent, though it may be higher or lower. Albite, on the other 
hand, while present in large amount in the persalanes (except appianose) and in 
the dosalanes belonging to the perfelic order germanare, disappears in the rocks 
of this latter class as soon as the lenads increase to notable amounts in vicose (II. 
6. 2. 2), and from this on it is not found in the norm. With few exceptions it is 
very subordinate to orthoclase, though this is compensated for in many cases by 
the amount of nephelite. 

Correlated with the poverty of the magmas in normative quartz (excess of 
silica) is the almost invariable presence of lenads, either nephelite or leucite or 
both. Apart from the norms which are quaric (15, 18, and 28), and where they 
can not exist, lenads are absent only in the norm of one rock, No. 17. Leucite is 
absent from the norms of all the persalanes except appianose, as well as from the 
perfelic dosalanes, and begins to appear in vicose (in which concomitantly norma- 
tive albite is absent), whence to the most femic rock it is a constant normative 
constituent. Nephelite, on the other hand, is present in all the norms, except the 
five spoken of above, in which lenads are not present, and from vicose to albanose 
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it is the only sodic mineral. Of the other lenic minerals, halite and thenardite 
(existing modally in sodalite and noselite or hatiyne) are found only in the persa- 
lanes, and of these only in the sodipotassic subrangs, phlegrose, beemerose, and 
appianose. In the dosalanes and salfemanes they seem to be entirely lacking. 

The femic constituents need less discussion, as they are present in much smaller 
amount than the salic. This is especially true of the persalanes, in which the 
amounts of femic minerals are negligible. Of these it may only be said that acmite 
occiu^ but once, and that rocks falling in this class are about the only ones which 
show normative wollastonite, this being present generally when the subrang is 
sodipotassic. 

Diopside is constantly present, being absent only in two cases, while norma- 
tive hypersthene is rare, but this last can not, of course, be present in the norm 
along with the lenads. Olivine is almost as constantly present as diopside, and 
is absent only when there is normative quartz or wollastonite. The amounts of 
both of these vary considerably, but increase gradually though irregularly as the 
magmas become more femic. Magnetite, ilmenite, and apatite are always present, 
but in small amounts, and each varies within a very narrow range. 

Relatioiu of Norm and Mode. 

The readjustments of the molecules of the norm to form the modes of the several 
types have been spoken of in each case in the preceding pages, but it will be 
instructive to summarize the main features. 

In leucite-free types the readjustments are almost always of minor impor- 
tance and the modes are essentially normative. In these the augite is the chief 
disturber of the normative relations, this alferric mineral taking some of the norma- 
tive anorthite, and still less of the magnetite, ilmenite, and nephelite, to combine 
with the normative diopside. But as these non-leucitic types are only found in 
the persalanes and dosalanes, where the femic minerals are'*either negligible or 
subordinate, and as the amount of anorthite involved is only about one-fifth of the 
diopside (and that of the other minerals involved much leas), the disturbance is 
seldom serious. It is noteworthy that wollastonite is more apt to be present in 
the norms of the persalane rocks than hypersthene or olivine, and this is probably 
connected with the presence of this mineral in the norih of the augite of the region 
when it is calculated into standard minerals. The high wollastonite in the norm 
of the tavolatal appianose [haii3mitic leucite-tephrite, tavolatite] is of interest in 
connection with the occurrence of garnet in this rock. 

In a few types characterized by the presence of biotite readjustments are needed 
for this mineral, involving normative leucite, olivine, and also anorthite to furnish 
the extra alumina in exact calculations. But here also the divergences from the 
norm are notable only in one or two cases. The reciprocal exclusion of biotite 
and leucite, so commonly observed elsewhere, is also evident throughout the region. 
Though there are a few cases where the two minerals do occur together, as in the 
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type of teanal auruncose, it is generally observed that in rocks derived from identical 
or very similar miagmas, while some contain biotite the others do not contain this 
mineral, but kucite and olivine replacing it. That is, the alferric biotite molecule 
has been split up actually into the simpler salic and femic ones. 

By far the most important set of readjustments is that involved in the formation 
of leucite from miagmas whose norms do not show this mineral. This topic will 
be discussed at some length on a later page, but it may be pointed out here that 
in these rocks the presence of leucite in such magmas involves the taking away of 
silica from normative orthoclase, which goes to form albite molecules from the 
normative nephelite, which albite enters modally into soda-lime feldspar. In a 
few cases some of the normative olivine seems to be involved, this becoming hyper- 
sthene which enters into modal augite. But this is exceptional, and in the majority 
of instances the readjustments take place between normative orthodase and nephel- 
ite, forming leucite and albite in the mode, the normative minerals disappearing 
either in whole or in part. 

The generally close correspondence between norm and mode among the non- 
kudtic rocks of the region, and the simple molecular readjustments involved in 
the formation of leudte, are of interest as bearing on the propriety of the choice 
of the so-called ''standard minerals" in the quantitative classification. It has 
already been pointed out* that in the miajority of igneous rocks there is, on the 
whole, a dose correspondence between the norm and the mode in the majority of 
rocks; that is, that the readjustments of the norm needed for the mode are mostly 
of small amount and the modes normative. In his recent monumental work on 
Mont Pel6e Prof. A. Lacroixf points out that the standard minerals are ''among 
those which are formed by (simple) igneous fusion followed by slow cooling, at 
the expense of those, such as the amphiboles, micas, and garnets, which are not 
so formed. " 

The practical absence of amphiboles, biotites, and the more complicated 
pyroxenes is certainly a striking feature of the region, and it would seem that for 
this igneous complex, at least, the choice of standard minerals is appropriate and 
expresses the modal facts as closely as any such selections could do. 

Mineralogical Characters. 

Introduction, — ^That the mineralogical composition or mode of igneous rocks 
is determined, within limits, by the chemical composition, subject to the physical 
conditions obtaining during solidification, is so well known that the statement is 
almost a truism. But it is found, furthermore, that in a comagmatic region the 
minerals present, or at least some of them, show certain more or less common 
peculiarities, which may be regarded as characteristic of the region, and which 
are usually looked upon as evidences of "consanguinity" only second to the chemical 

• Croei, Iddinfi, PiraaGo, and Wuhingtoo, of. eit., p. 151; Mad WuhinstoD, Prof. Paper U. S. GeoL Surr. 
No. 14* 1903, p. 69. 

t A. Lacroiz« La Uonlagm Pdie a set ^ptims^ Paris, 1904, p. 529 
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characters. In addition to the presence of certain minerals and their peculiarities, 
the absence of others which might be expected to be present, so far as the magmatic 
or normative characters permit, is another mineralogical characteristic of comag- 
matic regions. 

Soda-orthoclase. — A constant feature of the alkali-feldspars of the region is 
that pure orthoclase seems never to occur, notwithstanding the highly potassic 
character of the magmas, the orthoclase molecule being invariably accompanied 
by notable amounts of albite, so that the alkali-feldspar is a soda-orthoclase. The 
orthoclase molecule, however, is nearly always present in larger amount than that 
of albite, the composition varying from OrdAbj to (rarely) OrxAba. As a conmion 
character it is notable that the microdine structure is never seen, and microper- 
thitic intergrowths of orthoclase and albite are exceptional, while zonal structure 
is uncommon, the sections of the soda-orthoclase usually appearing uniform and 
homogeneous. 

In habit the soda-orthoclase occurs either as phenocrysts, often of large sizev 
and either prismatic, parallel to the clinoaxb a, or tabular, parallel to the dino- 
pinacoid 6 (010), or as small prismatic laths (parallel to the axis a) in the ground- 
mass. It may also rarely form an interstitial cement, and in some types occurs 
thus as a mantle of later growth around phenooysts of soda-orthoclase or soda- 
lime feldspar and oriented parallel with them. 

It occiurs most abundantly in the persalanes, especially in the phlegrose rocks, 
is common in the dosalanes, except in bracdanose, where it is wanting, and is not 
found in the salfemanes. Its presence in the mode, therefore, would seem to be 
directly connected with the variations in the silica and the femic components. 

Soda-lime feldspar. — ^The composition of this varies considerably, from ande- 
sine, AbjAn,, to an almost or wholly pure anorthite, but in the majority of the 
types it approximates to a labradorite, AbxAn,. Multiple twinning is conmion, 
except in the groundmass laths of some types, according to the C^rbbad and albite, 
and less often the pericline laws. Zonal structure is not frequent, but, as said 
above, in some types phenocrysts of labradorite or anorthite are surrounded by 
mantles of orthoclase oriented like the nudear crystal, that is, with the vertical 
axes and the clinopinacoids 6 (010) parallel. 

The habits of these feldspars resemble those of the soda-orthodase, but it 
may be noted that the phenocrysts of plagioclase are usually smaller than those of 
orthoclase, they are apt to be clustered into groups, and that groundmass laths are 
less common. These feldspars are rardy known to occur as an interstitial cement. 

The modal occurrence of the soda-lime feldspars is exactly the opposite of 
that observed in the case of the soda-orthodase. They are wanting in rocks belong- 
ing to phlegrose and other peralkalic subrangs of persalane, rare generally in the 
rocks of the persalane class, most common in the dosalanes, espedally in bracdan* 
ose, where they constitute the only feldspars, but, like the soda-orthoclase, are usually 
absent from the salfemic rocks. 
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LeucUe, — ^The abundance of this mineral is one of the most characteristic 
modal features of the region, and has made the volcanoes of the Bolsena-Vesuvius 
line famous in petrography. Apart from this it can not be said that the mineral 
offers any features specially peculiar to the region, as its characters here are those 
of many of its occurrences. In certain magmas, especially those belonging to 
vulsinose, ciminose, and vicose, it forms well-formed phenocrysts of very large 
size, up to 5 or lo cm. in diameter, which are characteristic of the viterboid habit. 
It may also occur in the groundmass as small crystals, sometimes well shaped 
and again mere spheroids, and rarely as anhedral patches. The larger individuab 
usually show the birefringence and twinned structure, which are commonly want- 
ing in the smaller groundmass leudtes. The larger ones also are usually relatively 
free from inclusions, while the characteristic regular arrangement of small inclusions 
in the groundmass, leudte microphenocrysts, and, the frequent skeletal forms of 
these, are well known. 

The occurrence of leudte in relation to the composition of the magma is an 
interesting topic, the discussion of which will be taken up on a later page. 

NephdiU. — ^It is a somewhat striking fact that, while nephelite is found in the 
norms of nearly all the rocks, sometimes to a very large amount, it is seldom present 
modally in more than small quantities, not over lo per cent, most usually from i 
to 5, and is often absent entirely, the soda entering the albite molecule to form a 
soda-lime feldspar. The typical occurrence of nephelite in the Roman Region is 
in the form of an interstitial cement, the last product of crystaUization. Euhedral 
or even subhedral crystals are excjsssively rare, except in crevices in the rocks, 
where small, short prisms are fairly conmion in some types. 

SodaliU minerals, — ^While these are met with in the rocks of the region, their 
occurrence can not be regarded as characteristic of it. For the most part their 
amount is very small, scarcely more than accessory, except in tavolatal appianose, 
where haOyne is one of the main constituents. Both sodalite and hattyne are found, 
but the former seems to be the more conmion. 

Thdr occurrence is practically confined to the persalane rocks, and espedally 
to the sodipotassic subrangs, the sodalites observed by De Lorenzo and Riva in 
the bolsenal vulsinoses [vulsinites] of the Astroni Volcano being very rare and 
sporadic, and corresponding to the occurrence of leudte in the blocks of cumal 
phlegrose [phonolitic trachyte] at the Vico Volcano or in the arsal monzonose [dm- 
inite] at L'Arso. 

AugUe. — ^This alferric mineral is the one which is most characteristic of the 
region, and from the point of view of the alferric and femic minerals the region is 
deddedly an augitic one, as it is eminently a leudtic one from the salic point. It 
is invariably present in greater or less amount in all the rocks, without exception, 
the amount, of course, varying with the character of the magma as to the rdation 
of salic and femic components. 
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The composition would seem to be very uniform and may be represented by 
the analysis on p. 134, and it is rather a diopside augite than one with the heden- 
bergite molecule abundant. In some, but not all, of the rocks belonging to sodi- 
potassic subrangs the augite carries some segirite, but the amount of this is usually 
small, and aegirite-augite must be regarded as rare or not prominent in the region. 

The color of the augite is one of its most constant and characteristic features* 
While black or very dark green in the hand specimen, in thin sections it is almost 
invariably either colorless or a very pale grayish, occasionally slightly tinged with 
green or yellow. Only in some of the sodipotassic rocks does the color assume a 
true green, when it is pleochroic, and evidently contains some sgirite. But in the 
very great majority of the rocks, whether persalanes, dosalanes, or salfemanes, the 
typical color is the very pale gray, which may be said to be characteristic. 

In this connection it is worthy of remark that, though the magmas of the region 
are rather high in titanium, and the augite analyzed by me contains 2 .85 per cent 
of titanium dioxide, this mineral never shows the peculiar purple tones which are 
conmionly supposed to be due to this oxide. A somewhat similar state of afiFairs 
has been observed by Pirsson in the Central Montana Region, as will be brought 
out later. 

Hypersthene, — ^This mineral is one of the rarities of the region, and its absence, 
rather than its occurrence, is to be regarded as characteristic. It was only observed 
in the quaric and vitreous sorianal harzose, in colorless crystals, but is common in 
the quaric types of toscanose (I. 4. 2. 3) and amiatose (I. 4. 3. 3) at Monte Amiata, 
to the north of the Vulsinian District, the magmas of which may be connected with 
those of the Roman Region. 

BiotiSe, — ^This mineral is likewise rare in the region, though more conmion 
than hypersthene. In some types, as sorianal harzose (11. 4. 3. 3) [biotite-latite], 
teanal auruncose (11. 5. 3. 2) [biotitic leudte-trachyte], and monfimal shoshonose 
(J^- S* 3* 3) [biotite-vulsinite], all of which, it is to be noted, are alkalicaldc, it is 
quite abundant and an essential component. In other types, as arsal vulsinose, 
dminose (II. 5. 2. 2), and monzonose (II. 5. 2. 3) [vulsinite], it occurs in accessory 
amounts, and mostly as small interstitial patches. It is also met with, though as 
a rare accessory, in some of the types of bracdanose (11. 7. 2. 2) at the Vesuvius 
Volcano. The color is uniformly a pale brown, with marked pleochroism. 

There would seem to be some connection between the occurrence of biotite 
and that of olivine, the potential biotite molecule splitting up into leudte and olivine. 
A number of instances of this are mentioned in the descriptions of the types, and 
the subject has been discussed by the writer and other petrographers. On the 
whole the rarity of biotite, rather than its occiurence, may be regarded as the 
feature in regard to it which is most characteristic of the region. 

Olivine, — Notwithstanding the rather low silica of many of the rocks this 
mineral is deddedly uncommon, though it is met with in small amounts in many of 
the dosalanes and salfemanes, and is characteristic of fiescolal dminose (11. 5. 
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2. 2) [dminite] and of fiordinal fiasconose (III. 7. 3. 2) [leucite-basanite], in which 
latter type it is abundant as large phenociysts. It is also a frequent accessory in 
the various types at the Vesuvius Volcano, but b not as important or constant a 
constituent here as is often supposed. Its features are the usual ones and call 
for no comment, as they are not characteristic of the region. 

Meliliie. — ^While this mineral is, as usual, very rare, and is present in notable 
amount only in the type boval albanose (HI. 8. 2. 2) [cecilite], its occurrence in 
these rocks may be noted as rather peculiar to the region. It would seem to be 
more widespread than has been thought, but any description of it is needless. In 
this connection its occurrence as an abundant and essential component of the cellal 
venanzose (IV. i^. i^. 2) [venanzite] at the small cone of Pian di Celle, San 
Venanzo, Umbria, is worthy of attention, since this small cone is possibly connected 
with the main line of volcanoes. 

Absence of minerals. — ^The most notable absentee is hornblende, which may 
virtually be said not to exist among the rocks of the region. Extremely small 
amounts of a barkevikitic hornblende are present in one or two types, and breis- 
lakite (which is usually referred to the hornblendes) occiurs in the crevices of types 
of bracdanose, vesuvose, and albanose in the Sabatinian, Latian, and Campanian 
Districts. But these occurrences are exceptional and do not invalidate the general 
statement that hornblende, as a true rock component, is absent from the region. 

In view of the general character of the magmas and the fact that silica is 
scarcely ever in excess, the absence of quartz is not surprising, though it might be 
looked for among the harzose rocks. The majority of these are vitreous and show 
no quartz, but it has been observed among these rocks at the Cimino Volcano by 
Mercalli, though it does not seem to be conmion. 

Among the more unconmion minerals, titanite is extremely rare, having been 
observed in only a few cases in very small amounts. Zircon is still rarer, and, 
indeed, no authentic occurrences are met with. The pyroxenic and homblendic 
minerals which contain the oxides of the rare earths, such as lavenite, rosenbuschite, 
hiortdahlite, etc., are practically absent, lavenite occurring as a rare accessory in 
ischial phlegrose. This subrang is sodipotassic, and the general assodation of 
these minerals with magmas rich in soda is well known. 

Textural Characters. 

Although the textural characters are very largely determined by the conditions 
of solidification and are more remotdy, if at all, dependent on the chemical com- 
position of the magmas, so that they can only rarely and in a subordinate degree 
be considered as characteristic of a comagmatic region, there are certain features 
which merit a brief discussion. 

As regards crystallinity the rocks of the Roman Region, which are wholly 
effusive flows, and their tuffs, are somewhat remarkable for the rarity of hyaline 
types. In the great majority of cases the rocks are holocrystalline, and this is 
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especially true of the salfemanes and the more lenic dosalanes, among which the 
only hyaline types observed are small flows and the borders of larger ones at Mount 
Vesuvius. It is possible or probable that similarly vitreous portions existed origi- 
nally at the other centers, but have been removed by erosion. In any case the 
volume of these is always small. 

Glass appears in small amounts as the rocks increase in salic, and especially 
feldspathic, components, a little glass cement being found in some types of ciminose, 
vulsinose, phlegrose, etc. The most hyaline rocks belong to the subrangs phleg- 
rose (I. 5. I. 3) and harzose (II. 4. 3. 3), and some types of the former areper- 
hyaline obsidians. It is to be noted in these cases that the vitreous types of these 
two subrangs may and often do form massive flows and are not confined to small 
trickles of lava or outer borders of large flows. Probably connected with this 
tendency of these magmas to solidification before complete crystallization is the 
tendency of the harzose to form flow breccias and that of the phlegrose lavas of 
the Phlegrean Fields to form dustlike tuffs rather than solid flows.* 

This tendency of the Roman magmas to form holocrystalline rather than 
hyaline types is probably connected with their generally high content in potash 
and lime. This view is borne out by the observed facts stated above, since the 
types of lenic orders of dosalane and of salfemane, which are uniformly holocrys- 
talline, are relatively the richest in these two oxides, while the types of harzose 
and of phlegrose are relatively the poorest and are both sodipotassic. But further 
discussion of this topic is uncalled for, as it is rather a general one than character- 
istic of the region. 

The abundance of phenocrysts is very noticeable, though this is not surprising 
in view of the fact that the rocks are effusive flows. It is more interesting to observe 
that the salic minerals, especially soda-orthoclase and leudte, are much more often 
phenocrystic than the alferric minerals, phenocrysts of augite and of olivine sur- 
passing those of the salic minerals only exceptionally. The large size of the pheno- 
crysts of soda-orthoclase and leucite has ahready been commented on. This 
tendency of the salic minerals to development in large crystals, while the alferric 
ones are small, is also evident in the rarity of megaporphyritic types among the 
rocks belonging to the more femic divisions, such as braccianose and albanose. 
In these the grain is uniformly small and megascopic phenocrysts are very rare 
and never attain large dimensions. 

Space Relations. 

For the discussion of the space relations or the geographical distribution of 
the different magmas and rock types it will be best to collate and summarize the 
statements made in the preceding petrographical descriptions as regards the occur- 
rences in the several districts. These will be supplemented, so far as possible, 
by the descriptions of other petrographers, though in most cases it is difficult, if not 

* Cf. Deecke, Gtol. FUkttr dutch Campamett^ Berlin, igoz, p. 44. 
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impossible, to translate these into the terms of the quantitative classification, on 
accoimt of the lack of reliable analyses and the statement of the mode only in 
qualitative terms. 

The data available on which to base the distribution of types and the char- 
acterization of each district vary widely. In some cases, as the Ciminian, the 
Latian, and the Campanian districts, they are satisfactorily complete and accu- 
rate. In others, as the Vulsinian and the Auruncan, they are as yet far from being 
complete, and in such cases the descriptions must be regarded as provisional. 

Vulsinian Distsict. 

This district is not only the largest of all, but is the most complex in its volcanic 
structure, as has been seen, and, furthermore, shows the greatest diversity in its 
rocks. Of the seventeen subrangs known to be represented in the Roman Region 
at least eleven are found in this district, and some are confined exclusively to it. 

Rocks of the persalane class are rather common and are represented by types 
of vulsinose (I. 5. 2. 2), pulaskose (I. 5. 2. 3), procenose (I. 6. 2. 3), and possibly 
beemerose (I. 6. i. 3). The types of vulsinose are non-leucitic, while those of 
the other subrangs mentioned are all leucitic, this mineral forming usually large 
phenocrysts. These persalic rocks are most conunon in the northern and north- 
western parts, as around the Latera Volcano and near Bolsena. It b perhaps 
worthy of note that the subrang phlegrose (I. 5. i. 3), which is elsewhere common, 
is apparently unrepresented in the Vulsinian District. 

The subrangs of dosalane are much more abundantly represented, and offer a 
greater variety of types. Of these subrangs dminose (II. 5. 2. 2) is probably quite 
common in the northern portions. The leucitic bagnoreal type is found to the 
northeast of the lake, while non-leucitic types, as the fiescolal and arsal, seem to 
occur to the north. The alkalicaldc auruncose (II. $. 3. 2) is rare and is confined 
to the southern portion, so far as known. The lenic subrangs, vicose (II. 6. 2. 2), 
braccianose (II. 7. 2. 2), and vesuvose (II. 8. 2. 2), are more abundant, and to 
them belong many of the flows to the east, south, and southwest of Lake Bolsena. 
The types of these are invariably leucitic, rarely with large leudte phenocrysts, as 
in the viterbal vicose near Orvieto, but much more conunonly quite without pheno- 
crysts, or with only microscopic ones, as in the orvietal, galeral, and hemical types. 

Rocks belonging to saHemane are almost, if not quite, as abundant as those 
in dosalane, but they are more monotonous in type. Of these magmas albanose 
(III. 8. 2. 2) is the most conunon and most widely distributed, occurring at various 
localities all around the lake, though mostly to the south. In general it is of the 
romal or saccal type, but the melilitic boval albanose occurs in the neighborhood 
of Montefiascone, southeast of Lake Bolsena. The only other subrangs of salfe- 
mane which are represented, jugose (III. 7. 2. 2) and fiasconose (III. 7. 3. 2), 
are rare and seem to be confined to the southeast portion. 
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The magmas of the Vulsinian District are hence highly varied and the number 
of types large. Furthermore, there b evident a progressive change in composition 
from northwest to southeast. Thus the rocks of the northern and northwestern 
portions are very largely either persalane or dosalane, the former apparently the 
more common; those of the Bolsena and Capodimonte volcanoes on the northeast 
and southwest of the lake are predominantly in the dosalane class; while to the 
southeast, around the Montefiascone Volcano, salfemane rocks are the largely 
predominant ones; and furthermore, it is only in this portion that we find olivine 
and melilite entering into the mode to a notable extent While this progression 
is not without exceptions and irregularities, and although my knowledge of the 
northern and northwestern parts of the district is not yet satisfactorily complete, 
the observations and collections which I was able to make seem to be sufficiently 
ample and the facts observed sufficiently concordant to justify the assumption 
that such a progressive magmatic change does occur. Our belief in the validity of 
this supposition is confirmed by the observation of similar relations in other districts. 

Of the various subrangs, ciminose, vicose, and bracdanose are probably the 
most abundant, with vulsinose and albanose less so, though still common. The 
other subrangs are of comparative unimportance, with the possible exception of 
vesuvose, pulaskose, and procenose. 

Cdonian District. 

The volcanic structure of this district is simpler than that of the preceding 
one, only two volcanoes being found, and these clearly distinct. Petrographically, 
also, the character is less complex, the nimiber of subrangs represented being only 
seven. 

Persalane rocks are abundant, though only two subrangs are represented. Of 
these cimial phlegrose (I. $. i. 3) [phonolitic trachyte] is quite common in blocks 
about the Vico Volcano, though the total amount is probably small. On the other 
hand, vulsinose (I. 5. 2. 2) is very common, partly of the non-leudtic arsal type 
as flows and tuffs about the Cimino Volcano, and to a less extent around the Vico 
Volcano; partly of the pallanzanal type, known locally as "peperino,'* with small 
and not niunerous feldspar and leucite phenocrysts at the Cimino Volcano; and 
very abundantly at the Vico Volcano of the viterbal type, with large leucite pheno- 
crysts, though most of these rocks are more or less transitional toward ciminose. 

The dosalane rocks vie with the persalanes in point of abundance. Heading 
the list systematically is harzose (II. 4. 3. 3), the sorianal type of which is so common 
at the Cimino Volcano. The occurrence of this subrang here is noteworthy as 
the only quaric subrang found along the whole line of volcanoes of the Roman 
Region, if we except the Amiata Volcano, where toscanose (I. 4. 2. 3) and amiatose 

(I. 4. 3- 3) occur- 

The subrang ciminose (U. 5. 2. 2) is, with vulsinose, the most abundant of 
the district. The magnoph3rric non-leucitic arsal type [vulsinite] forms extensive 
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flows about the Cimino Volcano. Leudtic types of dminose are less common. 
The most so is the viterbal type [leudte-trachyte], to which some of the flows of 
the Vico Volcano doubtless belong, though most of them are in vulsinose. The 
less highly porphyritic bagnoreal dminose [leudte-trachyte] and martinal dmi- 
nose [leudte-tephrite] are rarer, the former being represented only in the Monte 
Venere, the last eruption of Vico, and the latter by some flows on the northwest. 
The subrang monzonose (II. $. 2. 3) b a rather rare one, and forms only a few 
flows in the southern portion of Vico. On the other hand, the subrang of vicose 
(11, 6. 2. 2) is abundant, always of the viterbal type [leudte-tephrite], and forms 
numerous flows of the Vico Volcano. 

From the above it is dear that the older Cimino Volcano to the northeast is 
composed almost wholly of harzose, vulsinose, and dminose, the types of these 
being non-leudtic without exception, so far as known. The Vico Volcano has, 
as the predominant magmas, vulsinose, dminose, and vicose, with some phlegrose, 
and small quantities of monzonose, leudtic types being somewhat predominant. 
As a whole, then, the district is comparatively simple magmatically, and, as we shall 
see later, the most abundant magmas are those — vulsinose, ciminose and vicose — 
which are nearest the average composition of the whole region. It is especially 
noteworthy that none of the subrangs, as bracdanose and vesuvose, belonging to the 
more lenic orders are found, and that the salfemanes are wholly unrepresented. 

We And here also evidences of progressive magmatic change in the rocks of 
Cimino and Vico, the former being as a whole considerably more salic and higher 
in silica than those of Vico. At each individually there does not seem to be any 
definite spatial distribution, a condition to be expected when it is considered that 
in each case there was apparently but one outlet for the flows. 

Sabatinian District. 

This district resembles the Vulsinian in the complexity of its volcanic struc- 
ture, as well as in the range of its subrangs, though magmatically there are some 
striking differences. 

The persalane class is comparatively rare, neither phlegrose nor vulsinose, 
which are so conmion in the northern districts, bdng met with here. Of this class 
the only subrang is beemerose (I. 6. i. 3), the sabatinal type of which [leudte 
phonolite] occurs in the northern portion. Of dosalane the subrang dminose 
(n. 5. 2. 2) is wholly unknown, but vicose (II. 6. 2. 2) b rather common in several 
types [leudte-tephrite], both to the west and the east of Lake Bracdano. Of the 
subrangs of dosalane, bracdanose (U. 7. 2. 2), almost always of the galeral type 
[leudtite], is by far the most common and, indeed, the most characteristic of the 
district. To this division belong nearly all of the extensive flows south of Lake 
Bracdano, as well as some to the east and west. The subrang vesuvose (II. 8. 
2. 2) is also rather conmion, likewise of the galeral type [leudtite], and is met with 
in the northerly parts of the district. 
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The salfemane class is much less abundantly represented, the only subrang 
being albanose (III. 8. 2. 2), of the romal, saccal, or boval types [leudtite], and 
is met with at several points about the lake, both north and south. 

It is seen that this district is comparatively simple magmatically, the largely 
predominant subrangs being bracdanose and vicose, with relatively small amounts 
of beemerose, vesuvose, and albanose, while the total absence of such widespread 
subrangs as vulsinose and dminose is very remarkable. Another important char- 
acteristic is the fact that the types are invariably leudtic, which is probably connected 
with the uniformly lenic character of the subrangs, though some of these, as beem- 
erose and vicose, assume non-leudtic modes elsewhere. 

Although the more northern and much of the eastern portions of this district 
are inadequately known, yet the general distribution of magmas described above 
would lead us to suspect that here, as at the Vulsinian District, there is a progressive 
magmatic change from north to south, the femic constituents increasing and the 
silica diminishing in this direction. 

Latian District. 

This small district, with a comparatively simple volcanic structure, is even 
more uniform in its eruptive products than the one just described. The persalanes 
are represented only by the very rare tavolatal appianose Piaiiynitic leudte- 
tephrite], which is found only as blocks in tufif. Of the dosalanes only one subrang 
can be surely identified, that of bracdanose (II. 7. 2. 2), to the hemical type of 
which [leucitite] many flows can be referred. The saHemanes are probably the 
most abundant, but all belong to one subrang, albanose (III. 8. 2. 2), mostly of 
the romal and saccal types [leudtite], but in some cases of the melilitic boval type 
[cedlite]. 

The district is thus very monotonous, and is notable for ..the highly femic 
character of its products and their large content in leudte, as well as for the total 
absence of non-leudtic rocks. 

Hernican District. 
This very small district resembles the Latian in the general character and 
uniformity of its rocks. None bdonging to persalane occur, nor are dminose or 
vicose represented among the dosalanes. Of the rocks of this class the majority 
fall in bracdanose (II. 7. 2. 2) [leudte-tephrite], with a few probably in vesuvose 
(U. 8. 2. 2) [leudtite] and one probably, though doubtfully, in fiasconose (U. 7. 
3. 2) [leudte-basanite]. The subrang albanose (III, 8, 2, 2) of salfemane is appar- 
ently as conunon as bracdanose, the rocks being of the saccal type [leudtite]. 

AXTRXTNCAN DISTRICT. 

As our knowledge of the rocks of this district is far from complete, a descrip- 
tion of it must be regarded as provisional and subject to future corrections. The 
persalane rocks seem to be quite common, two subrangs bdng represented, 
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pUegrose (I. $. i. 3), of both the ischial and cumal types [trachyte], and vulsinose 
(I. 5. 2. a), of the bolsenal type [vulsinite]. Apparently the majority of the rocks 
bdong to the dosalane class. Of this the subrang dminose (II. $. 2. 2) is rare, 
while aunmcose (IL 5. 3. 2) is abundant, two types |leudte-tephrite] being repre- 
sented, both of which are leudtic and one carrying considerable biotite. The 
subrang shoshonose (11. 5. 3. 3), whQe not abundant, is important, as the monfinal 
type oi this magma [biotite-vulsinite] forms the central mass of Monte Santa Croce. 
\^terbal vicose (11. 6. 2. 2) [leudte-tephrite], with abundant large leudte pheno- 
crysts, is common, probably as much so here as at the Ciminian District. While 
no rocks falling in bracdanose, vesuvose, or in the salfemane class were collected 
by mysdf, it would seem from some of the published descriptions that such do 
occur, and probably rather abundantly, in the western part of the district. These 
are leudtic and presumably of types found elsewhere (leudte-tephrite and leudtite]. 
In addition some non-leudtic types [basalts] are described, but in such vague terms 
that nothing definite can be established as to their magmatic character, except 
diat they are almost certainly in dosalane, and probably in the perfelic order 
germanare. 

From these meager data it is at least dear that the rocks of the Aunmcan 
District are very diverse in character, the magmatic range bdng almost as great 
as at the Vulsinian District, and both leudtic and non-leudtic types being abundant. 
But it is evident that much more study is needed before this volcano can be satis- 
factorily characterized. 

Campanian DiSTUcr. 

This district embraces three quite distinct centers of volcanic acti\'ity; the 
Vesbian Volcano, induding the older Somma and the later Vesuvius, the volcanic 
complex of the Phlegrean Fidds, and the island of Ischia, which is essentially the 
Epomeo Volcano, with its parasitic cones. The rocks of Vesuvius and Somma 
are remarkably uniform, most of them falling in bracdanose (II. 7. 2. 2), with 
fewer in jugose (III. 7. 2. 2) and vesuvose (III. 8. 2. 2), several diflferent types 
[leudte-tephrite] being represented. The Phlegrean Fields and Ischia are simi- 
larly uniform, though here the character of the magmas is quite diflferent. In these 
two subdistricts the rocks are practically all in persalane, and by far the most 
predominant subrang is phlegrose (I. 5. i. 3), which is represented by several 
texturally diflferent types [trachyte]. Bolsenal vulsinose (I. 5. 2. 2), pulaskose 
(I. 5. 2. 3), and monzonose (11. 5. 2. 3) [vubinite] are found, but in small amounts 
comparativdy, and some leudtic types of unknown subrangs occur, but always as 
blocks and in negligible quantity. 

The Campanian District, then, is composed dominantly of but two subrangs, 
phl^rose and bracdanose, the points of eruption of these bdng distinctly 
separated, thou^ these very diverse magmas have been erupted simultaneously 
at times. 
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Distribution of Magmas. 

It is well known through recent researches that a number of igneous masses 
of large dimensions, as laccoliths, show a very pronounced change in chemical 
and other characters as one goes from the center to the periphery, the change being 
sometimes from more salic to more femic, and sometimes the reverse. These 
changes are usually held to be the results of local or laccolithic di£ferentiation, and 
typical cases have been discussed by Brogger, Pirsson, and the writer. Similarly 
in a number of instances there have been observed such progressive changes 
extending over petrographic provinces or comagmatic regions of large area, the 
most detailed being that of central Montana, recently described by Pirsson. 

Although it may seem at first glance that there is no progressive change in the 
rocks of the Roman Region, but that the different districts show an irr^ular 
alternation of magmatic characters, study reveals strong evidence of a regular 
progression from each extremity to the center. In considering this matter some 
peculiarities of the Roman Region must be borne in mind. In the first place, it 
does not cover an area extended in all directions, as in the central Montana, Chris- 
tiania, Bohemia, and other well-known regions, but rather consists of a long, narrow 
line or band, with very few occurrences of igneous rocks on either side of the main 
line, and those very small. In the second place, the occurrences are entirely vol- 
canic, that is, effusive and superficial, the few dikes being in the masses of volcanic 
cones, and hence analogous rather to lava flows so far as their bearing on problems 
of differentiation go, deep-seated dikes penetrating the country rock and plutonic 
or deep-seated masses in general being wholly unknown. A third consideration 
is that the various centers are strung along the line somewhat irregularly and often 
with very notable spaces between them. 

When we study the descriptions of the different districts given above 4several 
points are brought out 

The districts at the extremities, the Vulsinian and the Campanian, are the most 
complex vulcanologically, those inside of these, the Ciminian, Sabatinian, and 
Auruncan, somewhat simpler, though still complex, and the innermost, the Latian 
and Hemican, the smallest and the simplest of all. 

Concomitantly with this progressive change in vulcanobgical structure, thou^ 
whether causally connected or not need not be here considered, is a more or less 
regular change from ends to center in the variety of the magmas represented. Thus 
the Vulsinian District shows a very great diversity of magmas, varying from per- 
salic to salfemic ones, and with orders running from perfelic to feldolenic, whiley 
on the other hand, the rangs are consistently domalkalic and the subrangs are 
mostly dopotassic. At the other extremity we find at the Campanian District 
a similarly wide diversity of magmas from perfelic phlegrose to bracdanose, though 
here the number is not as great, the Vesbian Volcano being almost wholly of 
bracdanose, while the Phlegrean and Epomean Volcanoes are almost entirely of 
phlegrose, near the border of nordmarkose. The penultimate districts, the Cimin- 
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ian and the Aunmcan, are almost as complex and great in range, especially the 
Auruncan, ^ile the Ciminian is distinctly somewhat simpler and with a smaller 
range, the more lenic orders of dosalane and the salfemanes not being found here. 
The three central districts, the Sabatinian, the Latian, and the Hemican, are each 
much more simple magmatically than the external pairs, the Sabatinian being the 
more complex, while the Latian and Hemican both show only a very limited range 
of magmatic variation. It is thus seen that, while certain irregularities are evident, 
there is on the whole a marked increase in magmatic range and complexity from 
the center to the extremities of the line. 

Corresponding with this variation another makes itself manifest, though the 
data on which it is based are less readily and satisfactorily determinable. If we 
estimate the average composition of the magma of each district we find that here 
also there is a distinct and definite variation between center and ends. This esti- 
mation may be carried out in two ways, either by weighting the di£ferent chemical 
analyses of the rocks of each district according to the relative amounts and taking 
the mean, or more roughly, though more expeditiously, by expressing the average 
composition, regard being had to the relative abundance of the different magmas 
at each center, in terms of the magmatic position as expressed by the quantitative 
sjTStem of classification. In view of the lack of data and imperfect knowledge of 
many of the rocks in some districts, as well as of their relative amounts, the second 
method would seem to be adequate for present purposes. 

The estimates below are based largely on my own observations, as well as on 
the published descriptions of others, so far as they could be applied, though the 
details can not be gone into here, and while the results are admittedly but roughly 
approximate, they may yet be considered to be sufficiently accurate to enable us 
to judge the main features with confidence. Of these estimates those for the Vul- 
sinian, Sabatinian, and Auruncan districts are the least reliable, while those of the 
others are based on fairly complete and satisfactory data. 

Average Magmas of the Districts. 

Vulsinian : Vicose (11. 6. 2. 2) or dminose (11. 5. 2. 2). 
Ciminian: Ciminose (II. 5. 2. 2) or vulsinose (I. 5. 2. 2). 
Sabatinian: Bracdanose (II. 7. 2. 2). 
Latian: Bracdanose (II. 7. 2. 2) or vesuvose (11. 8. 2. 2). 
Hemican: Braccianose (II. 7. 2. 2) or albanose (III. 8. 2. 2). 
Auruncan: Ciminose (II. 5. 2. 2) or monzonose (11. 5. 2. 3). 
Campanian: Borolanose (II. 6. 2. 3). 

Assuming that these are true or not far from the truth, and with the knowledge 
of the chemical composition and norms of the various types shown by the numerous 
anal3rses presented on a previous page, it is clear that the average magmas at the 
ends are more salic and less lenic and femic, that is, higher in silica than the central 
ones, which are very distinctly higher in femic constituents (especially magnesia 
and iron oxides) and lower in silica. 
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Expressed mineralogicallT and in tenns of the pievmiUng systems oi dassifi- 
cation, we find toward the ends oi the line an abundance of non-leudtic rock types, 
trachytes, vulsinites and dminites, with kudte-tzach^-tes, leiidte-ph<Miolites, leudte- 
tephrites, and some leudtites; while at the central districts, the Sabatinian, Latian, 
and Hernican, we find no non-leudtic types, that leudte-trachytes and leudte- 
phondites are rare, and leudte-te{^irites kA the more basic types and leudtites are 
larg^y predominant. 

A secondary progression, but in the same direction, b indicated by the local 
distributions observed at the Vulsinian, Ciminian, and Sabatinian districts, namdy« 
that in each the southern portion is more f emic and more lenic O^ss hi^ in silica) 
than the northern. These hsLve been already spc^en of in preceding pages. It 
is needless here to go into details, but there is little doubt that as the volcanic 
fod shifted in these districts there was a progressi^-e variation in the general 
magmatic diaracters of the erupted rocks. In the southern half of the region 
this is not as wdl marked, thou^ we find here a magmatic division oi the districts. 
Thus the more femic magmas seem to occupy the western aixi southwestern parts 
oi the Auruncan District, while in the Campanian the more salic aixi more femic 
magmas are more sharply distinguished, the former constituting the western and 
the latter the eastern part. 

It would appear also that, while the central districts are very preponderating^y 
dopotassic, the exterior districts are less so aixi tend more to being sodipotassic; 
that, in other words, there is a progressive increase of soda rdativdy to potash 
from the center outward. This is shown by the occurrence oi rocks bdonging 
to sodipotassic subrangs« as phlegrose (I. 5. i. 3), pulaskose (I. 5. 2. 3), procenose 
(L 6. 2. 3), harzose (11. 4. 3. 3), monzonose (II. 5. 2. 3), and shoshonose (II. 5. 
3. 3) in the Vulsinian, Ciminian, Campanian, and Auruncan districts, while rocks 
bdonging to sodipotassic subrangs are wholly wanting, or found only sporadically 
in the three central ones. The fact that the phlegrose rocks of the Ca m panian 
District are almost dosodic and near the border of nordmaricose, while those of 
the Vico Volcano are centrally sodipotassic, also points to similar relations. 

VHiile it must be, aixi indeed fredy is, admitted that the data on which the 
above condusions rest are not complete, they are suffidently so, in the judgment 
of the writer and in \'iew of the descriptions and analyses found in the preceding 
pages, to warrant belief in a regular and symmetrical distribution of the magmas 
in the Roman Region, in which the central magmas are not only less \'aried aixl 
complex, but are more femic and lenic, lower in silica, and with potash rdativdy 
much higher than soda, than obtains in the districts toward both extremes of the line. 

Although antidpating a point which will be brought out later, it will be of 
interest to note here that the average composition of the regional magma as a whole 
is probably a dminose-vicose (II. 5-6. 2. 2); that is to say, that the average exterior 
magmas are of about the composition of the original, or proximatdy original, magma, 
while the central ones show compositions approaching the more femic extremes 
of differentiation. 
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Progression of Types. 

In a recent paper* Pirsson calls attention to a phase of the occurrence of the 
rock types in Central Montana Region, to which he applies the name of '^Regional 
Progression of Types. " The idea to be expressed by this term is that in traversing 
a given comagmatic region certain types, from being sporadic, become frequent and 
then disappear, the rare types of one district or portion of a region becoming the 
conmion ones of other portions. As he says that ^'it would be a matter of interest 
to know if this progression of types b a peculiarity confined to this (Central Mon- 
tana) province and occasioned by the local distribution of magmas, or whether it 
is of more general application," and as he suggests the region of central Italy as 
one in which it is likely to be observed, it will be well to examine our region briefly 
from this point of view. 

It may be stated at the outset that a similar progression does seem to exist, 
though not as clearly cut in many ways, as seems to be the case in the Montana 
one. This is possibly due to the fact that in the Italian region the rocks are 
entirely extrusive. As instances of the kind the following may be mentioned : 

The galeral and hemical types of bracdanose and the romal and saccal of 
albanose [leudtites] occur in abundance, and form the majority of the flows in the 
Hemican and Latian and the southern part of the Sabatinian Districts. To the 
south of the first of these, these types are rather common, though somewhat sporadic, 
in the Auruncan District, but are quite absent in the Campanian, the types of brac- 
danose here bdng quite distinct. To the north these types are unknown in the 
Ciminian District, but reappear in the Vulsinian, especially in the southern part, 
to die out in the northern. 

The ischial and cumal types of phlegrose [augite-trachyte] are most abundant 
in the western part of the Campanian District, they (espedally the ciunal) are 
rather abundant but sporadic in the Auruncan District, disappear in the central 
ones, to recur as the scattered blocks of ciunal phlegrose in the Ciminian. Simi- 
larly, but in a reversed direction, the arsal types of vulsinose and monzonose (vul- 
sinite) are fairly common in the northerly Vulsinian District, attain a maximum in 
the Ciminian, are lost in the three central districts, occtu* in the Auruncan, and are 
very rare in the Campanian. 

The types with the characteristic viterboid habit, viterbal vulsinose, ciminose, 
and vicose [leudte-trachyte], show a closely similar distribution. Occiuring rarely 
in the Vulsinian District, they form the most prominent rocks of the Vico 
Volcano in the Ciminian, vanish in the central districts, and are rather common 
in the Auruncan, though they do not reappear in the Campanian. 

These are the most prominent examples, though others might be given or can 
be found by the reader by examination of the descriptions of the types, and they 
show clearly that a progression of types does exist in the Roman Region, and that 
such a phenomenon is not local and a peculiarity of the Central Montana Region, 

* L. v. Pinson, Am. Jour. Set., XX, 1905, p. 48. 
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but one which is widespread and probably to be observed elsewhere, now that 
attention has been directed to it. 

The Rocks of the Tuscan Region. 

In this connection a few words may be devoted to the relations of the rocks 
of the volcanoes making up the Tuscan Region to those considered in this paper. 
It has been mentioned that these volcanoes are all of rather small size and area, 
their eruptions being apparently of the domal type, and that they lie close to the 
area of the Roman, but exterior to it, on the north and west. 

It is unnecessary here to go into descriptions of the rocks, which will be found 
in several publications mentioned in the bibliography, especially in Nos. 4, 1S9 43» 
62, and 6$. It must suffice to say that the rocka are quite uniform in character, 
mostly toscanites or quartz-trachyandesites in the prevailing nomenclature, while 
in the quantitative classification they fall in dellenose (I. 4. 2. 2), toscanose (I. 4. 
2. 3), or amiatose (I. 4. 3. 3).* 

This general uniformity, or rather comparatively restricted range in chemical 
composition, their persalic and quardofelic characters, and the prevalence of sodi- 
potassic subrangs are features which fall in line with the general course of the dis- 
tribution of magmas in the Roman Region, where we have just noted the more 
salic, felic, and sodipotassic characters of the exterior portions as contrasted with 
the central ones. It suggests the thought that these Tuscan rocks may belong to 
the same general body of magmas as those of the Roman Region, and that they 
represent in fact the extreme exterior differentiation products. 

While this h3rpothetical magmatic connection is very tempting, it must be 
noted that a serious objection to it lies in the fact that the volcanoes of the Tuscan 
Region are apparently all of about Eocene age, while those of the Roman Region 
are much later, belonging to the Pliocene or even modem times. 

Whether this objection on the score of time relations is a valid one or not, we 
are scarcely in a position to judge as yet, though consideration of the very great 
time intervals involved would seem to render the objection to the hypothesis of 
more weight than the chemical and petrological evidence in its favor. At the same 
time it may be mentioned that the actual time interval between the earliest and 
the latest of the eruptions in the Roman Region, which are imdoubtedly connected 
magmatically, is itself very great, so that possibly the objection raised here is not 
of such a serious character as might appear at first sight. At any rate, the hypoth- 
esis here presented may be borne in mind in further studies of the Italian volcanic 
rocks. 

Quantitative Rdations. 

In any comagmatic region where the igneous rocks are all effusive it is in a 
high degree improbable that they represent, in the aggregate, the composition of 
the original magma from which they have been derived. This is so since, assum in g 

* Cf. Waihmgtan. Prof. Paper, U. S. Geol. Surv. No. 14. 1903^ PP. X59« X7X* x^S- 
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the existence of some deep-seated "reservoir," "magma-basin/' or other body 
of magma as a source, it is highly improbable that these extruded portions form 
more than a small fraction of the whole, or that their relative proportions when 
averaged are such as to give a correct idea of the true composition of the magma 
whence they are derived. It is probable that the body of extruded rock is very 
small relatively to the parent body and that it consists for the most part of only a 
certain, and not wholly representative, portion of the differentiates. 

The above conclusions would also hold good, though probably to a less extent, 
of regions where the erosion has been profound, so that the deep-seated rock bodies, 
as stocks and laccoliths, are exposed, with their satellites of dikes and sometimes 
of flows. In most cases it is probably true that here erosion has destroyed a 
very considerable portion of the masses, especially of the effusive portions, while 
again it has not progressed far enough to reveal the deeper portions, and we are 
left in the dark as to the downward extensions. 

In both cases the practical difficulty of estimating the relative masses of the 
various types is a serious one. In certain small bodies, as some differentiated dikes 
or small and deeply eroded laccoliths, as that of Shonkin Sag, exceptionally favor- 
able conditions may almost entirely overcome the inherent difficulties, and very 
reliable estimates can be made. But in the great majority of cases the difficulties 
are almost or quite insuperable, and we must perforce remain content with such 
approximate estimates as the erosion and exposures permit. 

But notwithstanding the impossibility in most cases of arriving at perfectly 
satisfactory or trustworthy data, the problem of the composition of the original 
magma is of such interest in the study of comagmatic regions, and has such impor- 
tant bearings on the phenomena of differentiation, that an attempt should be made 
to determine it wherever possible, even though the results arrived at must be 
regarded as of no very high order of accuracy and provisional in their character. 
As such observations increase in number and cover more kinds of comagmatic 
regions or differentiated bodies, their value will increase, even though they be not 
absolutely accurate, since in any case they will probably point out the directions 
in which the processes of differentiation take place, if not their extent. We 
shall at least gain some general knowledge, though all the details are unknown 
to us. 

In the case of the Roman Region, as much of it is as yet unmapped geologically, 
and in any case the thicknesses of the various flows are quite unknown for the most 
part, as well as many of them certainly covered beyond our observation by later 
flows and tuffs, the possibility of detailed knowledge of relative masses is reduced 
almost to a minimum. The only basis on which I can estimate them at present 
are my general observations, and the published statements of others, as to the 
relative abundance of the various types which are accessible to study, the relative 
areas of the different districts being also taken into consideration. We shall begin, 
therefore, with a general examination of the quantitative relations of the different 
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magmas, the spatial relations of the different magmas and types being discussed 
elsewhere, and shall then attempt to estimate the average composition of the 
whole. 

QuAMTrrATivE Relations of the Magmas. 

The persalanes, while widely distributed, are not the most abundant rocks, 
forming possibly but one-quarter or one-third of the whole. The great majority 
belong to the perfelic order canadare, rocks of the lenic orders russare and tas> 
manare being rare. For the most part they are domalkalic, either vulsinose or 
pulaskose, the former subrang being the more abundant, with the peralkalic and 
sodipotassic phlegrose in greater amount than pulaskose but less than vulsinose. 

The dosalanes constitute the greater part of the rocks, one might say rather 
more than one-half. Of these those belonging to the quaric order austrare are 
very few, the perfelic germanares are very abundant, and probably in somewhat 
greater amount than these last are collectively the lenic norgares, italares, and cam- 
panares. By far the most of the rocks which fall in this class are domalkalic, with 
fewer alkalicaldc and no peralkalic or docaldc ones. The subrangs are generally 
dopotassic, though sodipotassic subrangs are not unusual, but are generally con- 
fined to the less conunon types. Of the subrangs of dosalane it may be said that 
ciminose, bracdanose, and vicose are most abundant, with less amounts of mon- 
zonose and vesuvose, the others being comparatively rare. 

The salfemanes are less abundantiy represented than dther of the other two 
classes, and probably considerably less than a quarter, let us say one-fifth, of the 
rocks belong here. With few exceptions the salfemane rocks are in the lendofelic 
order of bohemare, and of the subrangs of salfemane that of albanose is undoubtedly 
the most abundant. 

Simmiing up the above, we may make the following roughly quantitative 
statement, in which the relative abundance of the subrangs, in the judgment of 
the writer, is that of the order in which they appear. It would be impossible to 
give more exact quantitative data without very minute and detailed study of all 
the districts. 

Order of Abundance of Subrangs. 
Abundant. — Ciminose (II. 5. 2. 2), bracdanose (II. 7. 2. 2), vicose (II. 6. 2. 2), vulsinose 

(I. 5- a. 2). 
Common.— Mhanose (III. 8.2.2), phlegrose (1.5. 1.3), monzonose (II. 5. 2. 3), vesuvose (II. 8.2.2). 
i2ar«.— Pulaskose (I. 5. 2. 3), aunincose (II. 5. 3. 2), harzose (II. 4. 3. 3), shoshonose (II, 5. 

3. 3), jugose (in. 7. 2. 2), beemerose (I. 6. i. 3). 
Very rare.— Proccnose (I. 6. 2. 3), fiasconose (III. 7. 3. 2), appianose (I. 7. i. 3). 

The reliability of these relative positions varies much. Thus the first four 
are undoubtedly easily the most abundant, but the orders of ciminose and brae- 
cianose, and of vicose and vulsinose, are open to question. The same is true of the 
"common" magmas, which collectively should follow the "abundant" ones, though 
there may be some question as to the relative abundance of albanose and phlegrose* 
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or of monzonose and vesuvose. Similar criticisms could be made of the rare and 
very rare magmas, though the positions of the last two are almost certain, but all 
of these are so exceptional that they have little bearing on the inmiediate problem. 

The Average Magma. 

As we have seen that the relative amoimts of the different subrangs vary greatly, 
from those which are very abundant to those which are only met with excep- 
tionally, it is clear that the composition of the whole, or of the original magma, 
can not be arrived at by simply taking the average of all the analyses. This would 
lead to correct results if the number of analyses of each type were proportional to 
its relative abundance or less accurately to the number of occurrences. But as 
this is not true we must, in our fmal calculation, weight the analyses of the rocks 
belonging to each type or subrang according to the relative abundance as best 
we may. This is a somewhat difficult proceeding, and in the nature of the case 
and the absence of exact quantitative data, must be somewhat arbitrary and depend 
largely on the judgment of the calculator. The matter has been the subject of 
considerable thought and nimierous calculations, the latter indicating that iht 
range of possible variation in different directions was much smaller than had been 
thought probable, and it was also found that the influence of small amounts of 
the rarer magmas was almost, if not quite, negligible. 

As a final basis of calculation it was decided to employ only the more abundant 
magmas, the relative amoimts of which could be approximately estimated with a 
fair degree of satisfaction. The introduction of the rarer ones into the calculation 
must be regarded as a small correction, to be applied in the future, when the main 
data are more accurately known. To a certain extent also these rarer magmas are 
of such characters that they compensate for each other more or less, so that their 
introduction or neglect does not seem to affect the final result seriously. 

The magmas selected for use were ciminose (II. 5. 2. 2), bracdanose (II. 7. 
2. 2), vicose (II. 6. 2. 2), vulsinose (II. 5. 2. 2), albanose (III. 8. 2. 2), phlegrose 
(I. 5. I. 3), and monzonose (II. 5. 2. 3). The average of the analyses of the rocks 
of the various types which fall in each of these* was calculated, and each average 
was weighted as follows: Ciminose, bracdanose, and vicose = weight $; vulsinose » 
wdght 4; albanose, phlegrose, and monzonose » weight 2. 

It would have been well to include vesuvose, with a weight of 2, but no chemical 
analysis of this was available, and it is probable that its neglect is compensated for by 
the possible greater abundance of phlegrose over albanose. Also, it might have 
been somewhat more accurate to include pulaskose, auruncose, and harzose with 
a weighting of i each, but it was thought that this was giving these rather rare 
magmas undue importance, and it was found that a less relative weighting had but 
little effect on the final result. 

In any accurate estimate corrections for the spedfic gravities of the different 
types should also be made. But the data in regard to the relative abimdance 
are so rough in themselves that this was deemed to be an unnecessary refinement. 

* Except that of the viterbol vubtiKMe from bdow S«n Rocoo. at the Vioo Volcano (cf. p. 39). 
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Calculating the average on the bases given above, and neglecting water and 
the minor constituents except TiOa and Pa05, the following results were obtained: 

Composition of the Average Magma, Norm of the Average Magma, 
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According to this calculation the average or original magma falls almost 
exactly at the center point of dosalane, is fairly well within the lendofelic order nor- 
gare, though somewhat close to the border of the perfelic germanare, is almost 
exactly at the center point of the domalkalic rang essexase, and is well within the 
borders of the dopotassic subrang vicose. It is thus a vicose (II. 6. 2. 2), somewhat 
approaching a ciminose (II. 5. 2. 2), though not sufficiently closely to be called a 
dminose-vicose. Its general composition is therefore that of two of the most abun- 
dant subrangs, and it is clear that the influences of the others which were introduced 
into the calculation have largely coimterbalanced each other, the persalanes the 
salfemanes, the perfelic orders those which are more lenic, and the peralkalic rangs 
those which are alkalicaldc, while the sodipotassic subrangs reduce slightly the 
markedly dopotassic character of the others. 

None of the rocks which were analyzed have exactly the same composition, 
though the analyses of bagnoreal ciminose and viterbal vicose most resemble it in 
general features. In the former, however, the silica is a little higher (the order 
being perfelic on this account), and the bivalent oxides are lower, while in the 
vicose analyses aliunina is a little higher and potash considerably so. 

When the position of this average analysis is referred to the diagram given 
farther on (p.184), it is seen that it falls almost exactly in the middle of the gap be- 

tween SiOj « 52 .40, and the critical group, with a ratio of ^^■* 10. 11, or almost 

exactly the average one. It would seem from these facts that the composition as 
calculated must approximate very closely to the true average of the effusive rocks 
so far as they are known. 

It is worthy of remark that rocks belonging to vicose and ciminose, or which 
approach the average in chemical composition, occur only in those districts where 
there is the greatest variety of magmas, namely the Vulsinian, Ciminian, Saba- 
tinian, and Auruncan, and which, furthermore, we have reason to believe are the 
oldest. They seem to be entirely wanting in those districts where the rocks are 
more uniform in character, the Latian and the Hemican, as well as in the Cam- 
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panian District with its two subdistricts, each of very uniform rocks, the one highly 
salic and perfelic, and the other more lenic and more femic than the average. 

We have also seen in the discussion of the space relations of the types and 
magmas that the average compositions of the outer districts, the Vulsinian, Ciminian, 
Aunmcan, and Campanian, are probably very close to that of the average magma 
of the region as a whole. In the first three of these districts the relations axe too 
complex and the nimiber of types too great to allow of very satisfactory estimates. 
But in the comparatively simple Campanian District there seems to be a possibility 
of testing this statement by calculation. For this district the average has been 
arrived at by taking the average of the three analyses of Vesuvian lavas given in 
the table to find the composition of the Vesuvian magma. That of the Phlegrean 
and Ischian magma was found by taking the average of the analyses of the phleg- 
rose rocks of the district, and of the vulsinose and monzonose rocks of Astroni and 
L'Arso, and weighting these in the proportion of 5 to i, as the phlegrose rocks are 
much the most abundant. These two averages were then averaged by taking 
equal parts, with the results here given. 

Average Campanian Magma, 
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The position of this magma is in borolanose (II. 6. 2. 3). The general resem- 
blance to the average magma of the whole region is very close, both chemically 
and normatively, the only difference of importance being in the relations of potash 
to soda, which is here almost unity, potash being only very slightly higher than the 
soda. This is, of course, due to the peculiar character of the phlegrose rocks of 
the district, which axe so high in soda as to be almost in nordmarkose (I. 5. i. 4). 

Time ReUtioiis. 

Geologic Age of the Erufhons. 

It would lead us too far astray, and would be outside of the province of this 
paper, to discuss this topic fully and adequately, so a few words must suffice. Fiu:- 
thermore, there exists considerable divergence of opinion in regard to the exact 
age of the eruptions in some cases. 

While the volcanoes of the Tuscan Region date from the Eocene or Miocene 
Period, those of the Roman Region have begun either in the late Pliocene or in the 
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Pleistocene (Quaternary), and in some cases have continued into the present time. 
There does not seem to be any good evidence in favor of a r^ular shifting of the 
volcanic fod along the line in any direction, that is, that the volcanic action began 
successively later either northwardly or southwardly. On the contrary it is quite 
clear that some of them have been active simultaneously, or at least that the periods 
of activity have overlapped. 

But there seems to be no doubt of the fact that the extinction of activity has 
shifted southerly, and that the more northern volcanoes were extinct before the 
more southern ones. That this extinction was successive in a general way, though 
possibly with some irregularities, seems also to be true. Thus the Vulsinian vd- 
canoes, which began before those of the Campanian District according to Modemi, 
the Ciminian and the Sabatinian have all suffered much from erosion, so much 
so as to have lost much of their original forms. The Latian Volcano seems to have 
been active in the year 639 b. c. (114 A. u. c), if we can believe the story of Livy* 
as to a shower of ashes from Mount Albanus. The age of the Hemican volcanoes 
is uncertain, but they were probably extinct before the Latian, as we have no records 
of an eruption in historic times. There is some evidence going to show that the 
Auruncan Volcano was active during Roman times, and the date 269 b. c. has 
been assigned to one eruption. But the evidence is not conclusive, and the general 
silence on the part of the Latin authors makes one somewhat skeptical as to so 
recent a date.f The modem activity of Vesuvius is too well known to need more 
than mention, while the last-recorded eruption of Ischia was in 1302, and that of 
the Phlegrean Fields in 1538 at Monte Nuovo, although the Solfatara Volcano is 
still emitting hot vapors. 

Order of Succession of Types. 

A much more detailed study of the various districts than the writer was able 
to give and an extensive collation of the literature are needed before this matter 
can be satisfactorily treated. From such observations as were made, however, 
and from a general survey of the literature, it would appear that no definite and 
constant order of succession obtains in the region. Salic types sometimes precede 
and sometimes follow the more femic ones, those with leudte sometimes underlie 
and sometimes overlie those without leucite. Instances of both kinds could be 
cited from the more complex districts, the Vulsinian, Ciminian, Sabatinian, and 
Auruncan. An order which seems to hold good in general, though with exceptions^ 
in one district is contradicted by the facts of another. Indeed, so varied are the 
relations in this respect that the only general law which can be laid down for the 
region, at least for the present, is that there is no definite order of succession. 

* Cf. v. Sabatini, Mem. Ducr. Carta Geol. Ital., X, 1900, p. 233. 
t P. Modemi, Bott, Com. Geel. Ital., 1887. p. 77- 
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COMPARISON WITH OTHER REGIONS. 

It is only within the last few years, and following the increase in the number 
and quality of chemical analyses of igneous rocks, that comagmatic regions (petro- 
graphic provinces) have been described in terms that permit of satisfactory corre- 
lation between them, with a view to their bearing on the phenomena and processes 
of differentiation. And even now the number of those which have been at all 
adequately described is so small that it would be unwise to attempt any broad gen- 
eralizations. These must wait for the future and a great increase in our detailed 
knowledge, especially as regards the chemical side, of many widely diverse regions. 
At the same time it may be profitable, and not without interest, to institute com- 
parisons with one or two others of the best-known regions. The phenomena are 
so complex that even tentative comparisons may be of use in pointing out some of 
the lines along which it will be most profitable to work, or in calling attention to 
certain lacuna in oiu: knowledge or to features which have been overlooked and 
which may demand investigation. 

From a general survey of the literature it is clear that it is far easier to find 
well-described regions which di£fer radically from the Roman than to find those 
which resemble it. Thus the Christiania Region, so well-known through the classic 
researches of Brogger, that of Madagascar, recently described by Lacroix, and that 
of eastern Africa, known through the studies of Prior and others, while they resemble 
the Roman in the dominantly alkalic character of the rocks, are strikingly dissimilar 
in that they are dominantly sodic. Most of those around the borders of the Pacific 
Ocean, those of Great Britain and Iceland, those of Hungary and the Grecian 
Archipelago are all much more prominently calcic and with soda dominating potash, 
and in some cases with highly quaric mi^mas. But it is needless to dte more 
examples of the dissimilar ones. 

In certain respects the Bohemian Region, so ably described by Hibsch, and 
that of the Eifd and Laacher See, of the rocks of which satisfactory analyses are 
singularly few, resemble ours. Leudtic rocks are present to some extent and the 
magmas are for the most part highly alkalic, but here also the soda dominates the 
potash, giving rise to many highly nephelinic and orthodase-poor types of rock. 

The only suffidently known region which is strikingly analogous to the Roman 
one is that of central Montana, the knowledge of which we owe to the labors of 
Weed and Pirsson, and the general characters of which have recently been sununar- 
ized by the latter.* 

While the geologic occurrence of the rocks of this is very largdy intrusive, in 
the form of laccoliths and stocks with their attendant dikes and comparativdy 

• L. v. PSnson, Am, Jam, Sd., XX, 1905, p. 35. 
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few flows, the chemical and mineralogical features are very similar, though there 
are some marked dlfiFerences. 

If the magmatic positions, which express concisely the general chemical char- 
acters, of the various analyzed rocks of the Central Montana Region be examined 
and compared with that on p. 11, the main points are deariy seen. 

In the first place, there is a considerably greater variety of magmas than in the 
Roman region, 27 being represented in central Montana against 17 known in central 
Italy. But the general range is much the same. There are rocks belonging to 
the persalane, dosalane, and salfemane classes, but none in the dofemane (except 
one on the border of salfemane) or perfemane classes. While there are some rocks 
which belong to the quaric orders, britannare and austrare, in the persalane and 
dosalane classses, the great majority are either perfelic or are more or less lenic, and 
it is noteworthy that in both regions rocks containing notable amoimts of norma- 
tive lenads are rare in the persalane class, become more frequent in the dosalane, 
and are most so in the salfemane. Peralkalic rangs are likewise unusual, though 
more conmion in the Montana Region than in the Roman, and in the former they 
are met with in rocks of the dosalane and salfemane classes, which is not the case 
in the latter. Alkalicaldc rangs are rare in both, and in both also the rangs most 
commonly met with are domalkalic. In the subrangs the majority of those of the 
Montana Region are sodipotassic, but with a very considerable representation of 
dopotassic ones, while we have seen the reverse to be true of the Roman Region, 
and in addition a few dosodic subrangs are found in Montana sporadically, which 
are entirely absent in the Italian one.* But on the whole potash can be said to 
dominate over soda in both, though this is less stron^y marked in the Montana 
rocks. The resemblance between the two regions is also shown among the minor 
constituents by the prevalence of high BaO in the rocks of both, a point which 
will be referred to later. 

Similarly, so far as the serial chemical characters are concerned, we find in 
both a great agreement in that potash increases relatively to soda as silica decreases 
and as the femic components increase,t and also that magnesia increases over 
ferrous oxide in the same direction. It will also be noted that in both the goieral 
geographical distribution of magmas is much the same. The border or end dis- 
tricts are more highly siliceous and salic and with more soda relatively to potash 
than the central districts, which are much more distinctly femic and lenic and more 
markedly dopotassic. 

The average magma of the Central Montana Region has not been calculated 
by Pirsson, but he gives^ an estimate of that of the Highwood District, a comparison 
of which with the averages of the magma of the Roman Region and of the Cam- 
panian District is not without interest. 

• It is worthy of note that dotodic sabnnci we terjr oommon in the Crmzjr Mnwnteiw. wUch PinMo does 
not include in his region. The rocks of these eyidently belong to a different and more highly sodic nu^pna. 
t Pirason, op. cit,, p. 43. 
t Pinson, BulL U. S. GeoL Sonr. No. 337, 1905, p. 193. 
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AVEKAGX ROIfAM 

Maoma. 



AVESAGX CaM- 

PAMiAN Magma. 



AvEKAGx High- 
wood Magma. 



SiO. . 
A1.0, 

FCaOj 

FcO.. 
MgO. 
CaO. 
Na.O 
K,0. 
TiO.. 
P.O5. 



53 
18 



4 
3 
2.9 

3-4 
31 
6.4 
30 

8.3 
0.8 

0.4 



54. o 
18.2 
2.6 
3.9 
2.7 
5.6 

4.3 
75 
0.8 

0.4 
zoo.o 



5a. a 
15.3 
3-3 
4.4 
5-2 
7.8 

3-3 
6.1 



97.6 



(n.6.2.2) 



(II.6.2.3) 



II.6.2.3) 



In general features the resemblance between the Italian and the Montana 
magmas is close, though it must be remembered that in m we are not dealing with 
the magma of the whole region, but with that of a single district It b clear that 
the last is distinctly higher in the femic constituents, the two oxides of iron, mag- 
nesia, and lime, and lower in alumina and potash, silica and soda being about the 
same in both. 

Mineralogically also there axe some features in common. One of the most 
striking is the occurrence of many leudte-rich types in both regions, though these 
axe much more abundant in the Roman Region. This is undoubtedly connected 
with the more potassic character of its magmas, and possibly also with the difference 
in the geologic occurrences of the rocks. Another is the predominance in both 
regions of augite as the alferric mineral. The color and other physical properties 
di£fer somewhat, it is true, but in both cases this mineral, though titaniferous, 
does not show the purple tones found elsewhere, and the constant occurrence of 
a diopside.^ugite in two comagmatic regions so closely alike magmatically is certainly 
a very striking fact, and possibly one of some significance. 

Again, while biotite is rather more common in the Montana Region, possibly 
because of the intrusive nature of most of the Montana rocks, it is not an abimdant 
mineral in either, while the hornblendes are rare in both regions. Similarly the 
alkali-feldspar is invariably a soda-orthodase, and microcline and microperthitic 
intergrowths are equally rare in both. 

These comparisons could be carried further and with greater detail, but the 
above must suffice for the present. It shows clearly that, while there are certain 
constant differences, there is a very great degree of similarity between the two 
regions, not only in the absolute and serial chemical and the mineralogical charac- 
ters, but in the distribution in space of the various magmas and rock types. 

The bearing of these and similar facts upon the general questions of differen- 
tiation, its causes, conditions, and processes, is as yet very obscure. As Pirsson 
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has pointed out, these are all undoubtedly complex in most cases, if not in all, 
especially when differentiation over large areas is involved, and the difficulties in 
the way of solution of the problems are certainly great. But the discovery of such 
similarities as have been shown above, and the undoubted occurrence of similar- 
ities of a different sort obtaining between similar comagmatic regions of widdy 
distinct characters from the two here discussed, indicate the truth of Pirsson's con- 
clusion that ''the distribution and occurrence of igneous rocks are not due to mere 
chance," and that it is unreasonable ''to deny that they are governed Uke other 
things in nature by definite laws and processes." 

A much larger body of data than is yet available must be collected before we 
are in a position to ascertain the many facts of differentiation and to understand 
its laws. This is true even of the smaUer and less complex rock-masses, such as 
dikes and laccoliths, where the chemical and physical factors involved are com- 
paratively simple. It is a fortiori still more true of such large areas and masses as 
those of comagmatic regions. In these we are confronted with such difficulties 
in the way of complexities of distribution and structure; complexity, variety, and 
mass of magmas; the possibility and, indeed, the probability of superposed and 
diverse processes and conditions; considerations of space and time; the certainty 
of some known physical factors, as viscosity and convection currents, and the 
probability of some unknown ones entering into the problem; that we must for the 
present be content to observe and collect facts, leaving their coUation and the final 
generalizations from them for a future period. 



THE FORMATION OF LEUCITE. 

Although it is now well recognized that a magma of a certain composition 
may crystallize as very diverse aggregates, the variations depending largely if not 
entirely upon the conditions obtaining during solidification, it is nevertheless true 
that the chemical composition of the magma controls the mineral composition of 
the rock within limits. Without going into a general discussion of this interesting 
topic, the special case of the relation between the occurrence of leudte in igneous 
rocks and the composition of the magma may be investigated. 

As to the occurrence of this mineral the only general "law" which has yet been 
recognized is that leucite, as well as nephelite and melilite, are never found in asso- 
ciation with quartz,* that is, in rocks with an excess of silica. It is also generally 
understood that it occurs most frequently in rocks which are rich in potash, but 
the limitations of this term are very vague, and it is known to occur in rocks whose 
potash content can not be called high. 

For the study of this relation from the side of actual occurrences the Roman 
Region is especially favorable. The niunber and variety of its leudtic rocks are 
great and they have a wide range in chemical composition; both leudtic and non- 
leudtic rocks occur here of similar as well as of different chemical compositions; 
and the disturbing factor of differences in physical conditions during solidification 
is almost entirely eliminated, or at least minimized, by the uniform occurrence 
of the rocks as effusive lava flows. We may, then, examine the rocks belonging to 
magmas of the various kinds as to the presence of leudte, drawing such condusions 
as we may from these data. The fuU theoretical discusssion of the problem will 
be published elsewhere, probably in the Journal of Geology. 

The Roimui Region* 

Among the persalane rocks of the Roman Region leudte may be said to be 
non-existent in those which bdong to the sodipotassic subrang phlegrose (I. 5. i. 3), 
though it occurs very sporadically in the blocks of cumal phlegrose at the Vico 
Volcano. The mineral begins to appear in notable amount in the dopotassic 
vulsinose rocks (I. 5. 2. 2), many of which are highly leudtic, with the viterboid 
habit, though the majority of the types of this subrang are non-leudtic The same 
is true of the rarer sodipotassic pulaskose (I. 5. 2. 3) rocks, while in the types 
bdonging to beemerose (I. 6. i. 3), procenose (I. 6. 2. 3), and appianose (I. 7. 
I. 3) leucite is a constant and important constituent. 

In the dosalanes it is, of course, absent from the sorianal harzose (II. 4. 3. 3)> 
as there is an excess of silica in this magma. The dminose (II. 5. 2. 2) rocks 

• a. F. Zirkd, Lekfbmh dtr Pttr^gnfkie, Ldpns, 1893, I, p. 646. 
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re«emMe dM^e of mhiiiose in dnt some of the trpcs are noo-loidtic and some 
hif^lj kuritic, tUs miDCfal atwiming the form cidicr of biige p hci Miuj&l s or ol 
ffnaO indivyJuals in the groimdniass. In diese, as wdk as in the preceding cases 
of penalane rocks, it is to be noted diat the modal leocite b fonned at the capense 
of m^nnative nepbelite, leudte not being found in the nonns, except in the taTolatal 
appianoie. In the ck>sely similar but sodipotassk mongonose (IL 5. 2. 3) locks 
leudte is not found, except very spoiadicallj in diat from L'Aiso, whik in the few 
rocks which belong to auruncose (IL 5. 3. 2) leocite is unifonnly present in abun- 
dance. In the only rocks of this r^km so far known whidi belong to shoshonose 
(IL 5, 3. 3) leudte is wanting. 

With the rocks belonging to vicose (IL 6. 2. 2) we meet leudte bodi in the 
norm and in the mode, and from here on to the end of the series leudte is a constant 
and important constituent, no non-leuddc types of vicose (11. 6. 2. 2), bracdanose 
(IL 7, 2, 3), vesuvose (II. 8. 2. 2), or of the salfemane subrangs jugose (m. 7. 
2. 3), iiasconose (III. 7. 3. 2), or albanose (m. 8. 2. 2) being known in the Roman 
Region. 

From these facts we may draw the following conclusions as to the formation 
of leucite in effusive rocks, in the Roman Region at least: It will not be fonned 
in rocks belonging to quaric orders, or those with an excess of silica (norm- 
ative quartz). It is not liable to be formed in sodipotassic magmas, espedally 
when of the dosalane class and in persalanes when the norm is perfelic. But this 
prohibitive influence of the abundance of soda is counteracted by paudty in silica, 
as in beemerose, procenose, and appianose rocks, whose norms all show notable 
amounts of lenads. 

In magmas which belong to perfelic orders and to dopotassic subrangs, whether 
in pertialane or dosalane, as vulsinose (I. 5. 2. 2) and dminose (II. 5. 2. 2), leudte 
may or may not be formed, and these magmas seem to be in a someindiat cridcal 
condition as regards the occurrence of this mineral. The occurrences are all 
extrusive lava flows and no constant differences in the conditions obtaining during 
Holidification can be made out for the leuddc and the non-leuddc flows, nor can 
any definite order of succession be established. From the chemical side the analy- 
ses at hand would lead us to suppose that leudte wiU not be formed if the silica 
Is above $6, assuming that 8 or 9 per cent of potash is present, though it can form 
with this amount of silica if the potash percentage runs above 10 (with about 3 or 
4 |>er cent of soda). Stated in other terms, if no nephelite, or only i or 2 per cent, 
is found in the norm no leucite or only sporadic crystals will occur in the rock. 

In the subrangs of dosalane which show notable amounts of nephelite in the 
norm and in the similar ones of salfemane, all of these being dopotassic, leudte 
invarinl)ly occurs in the mode. 

Although the number of chemical factors possibly involved is large, and the 
IHKHihilities of mutual reaiijustmcnts between normative mineral molecules, as 
Ivctwct^n hyiHsrsthenc and olivine, are therefore complex, it would seem that the 
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relations between silica and potash on the one hand, and between potash and soda 
on the other, are largely the determining factors in the rocks of the region, the con- 
ditions of solidification being similar. The data on which to study this question 
are given in the annexed table, in which the amounts of silica and potash are given 
both in percentages and as molecular ratios, together with the ratios (molecular) 



SiO, 



and 



K,0 



The rock numbers are the same as in the table of analyses 



KaO NaaO 

on p. 146, and the leudtic rocks are indicated by an asterisk (*), those in which the 
mineral is merely sporadic and accessory, as the cumal phlegrose and arsal mon- 
conose, being considered non-leudtic 



RdaUans of Silica, Potash, and Soda in the Roman Rocks. 
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5- 
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I: 
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ao* 
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SIO, 



6r,8S 
59-79 
60.33 
59 34 
61 . 63 
58.08 
S7S^ 
57"5o 
56.19 

5S-r7 
57-60 
SS 07 
55-^7 

59-41 
57 ja 

55^46 

57-31 
55 ^8S 
55-31 

55 « 



K.a 



6.7a 
7.10 

7 JO 
9 H 

7.60 
iS7 
g.6S 
S 59 
10.47 
9-58 
8.71 

8.65 
10.49 

5^29 
9- 15 
6.63 
6.3S 
8.77 
6,45 
7*4 
7-5^ 



SiO, 
KtO 



14 Sa 
13- la 
ia.90 
io-t7 

ta.ea 

3.07 

10.3a 

TO. 78 

8.3<^ 

to.oa 
9-S7 
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6.98 

17.68 
9.84 

13 01 

10,04 
9.90 
10. sa 
11.39 
11-36 



g.o 

Nm,0 



0,64 
0.69 

0"73 
I aj 
0.87 

1.07 
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I 
a 
a 
I 
I 
I 
I 
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74 
43 
76 

63 
43 
45 
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J^4S 
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1.71 
1.80 
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I 30 
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19-74 
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3 04 


44 S9 
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46.34 


6-37 
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46.37 
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8.47 


a. 07 


47' 05 


7-53 
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R^arded thus in tabular form these figures seem to point to no very definite 



law. While the non-leudtic rocks show generally high 



SiO, 
K,0 



ratios, we find 



almost equally high figures for this (19.74 and 19.02) in the non-leudtic and 

K O 
the leudtic types. Similarly the other ratio, .^'^ , does not show any very marked 

regularity. But if the figures are plotted as in the subjoined diagram, the abscissae 
representing the percentage of silica and the ordinates the ratios in question, some 
interesting relations are made manifest. The dots represent non-leudtic rocks 
and the dots in drdes leudtic ones. 
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Id the first place, as regards the amounts of silica alone some very dedded 
breaks in the continuity are visible, as has been mentioned on a previous page. 
These are especially marked and wide between 48 and 50 per cent, and between 
52.5 and 54 . 6. There are narrower ones between 56 . 2 and 57 . 3 (with one analysb 
in the gap), and between 54.7 and 59.2, though probably the series of silica per- 
centages between 54.7 and 61 .9 may be regarded as continuous. As the number 
of analyses is rather large, it would be reasonable to suppose that the two large 
breaks are real and that they point to some definite differentiation of the general 
magma into at least three submagmas. It would be of very great interest to discover 
if similar clusterings, or indications of the presence of submagmas, are to be found 
in other regions. There are some indications that such is the case elsewhere, but 
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this is a matter the investigation of which must be deferred for the present, as it is 
too general in scope for the purposes of this paper. 

Returning to the immediate question at issue, it will be seen that the rocks 
below 52 .5 of silica are uniformly leucitic, while those above 56.3 are as uniformly 
non-leucitic, and those with silica between 54.6 and 56.3 are of both leucitic and 
non-leucitic types. 

Confining our attention to the rocks with silica above 54.6, it is clear that the 
silica-potash ratios of the non-leucitic rocks are uniformly above those of the leudtic 
ones in the group between 54.6 and 56.3, which may be called the critical group, 
and which embraces most of the types of vulsinose and ciminose. To the right 
of this the silica-potash ratios tend to decrease and even reach the level of or fall 
below the ratios of the leucitic rocks of the critical group. The division line between 
them may therefore be regarded as a curve which inclines downward gently to the 
right, that is, as silica increases, slightly above, but parallel to, the line A-B of 
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the diagram, which is drawn from data furnished by a theoretical discussion of 
the subject and which will be referred to later. 

The relations of the potashrsoda ratios axe not so clear, especially in the critical 
group, where they are quite involved, those of leudtic and non-leudtic rocks being 
both above and below each other. But the tendency to high figures as silica 
decreases and as leudte becomes constant, and to low figures as silica increases 
and as leudte vanishes, is very marked, and seems to admit of no question. 

In regard to the so-called critical magmas, the possibly significant fact may 
be pointed out that its limits of variation in the percentage of silica are practically 
conterminous with those shown by the analyses of natural leudtes, which are 54.4 
and 57.2 in the better analyses.* The best analysis of the leudte of Vesuvius,! 

with SiOa = 5S.4o and =r-~=4.44, falls just beneath the center of the critical 

* SiO 

group, while the theoretical leudte molecule, with SiOa=SS.os and =-^=4.00, 

lies a trifle to the left of this. The positions of the two are indicated respectively 
in the diagram by a small cross (+) and by a star (*). The position of the average 
magma of the region is indicated by the sign X* 

Concliisioiis. 

From the facts set forth in the preceding pages the following condusions as to 
the relation of the magmatic composition to the occurrence of leucite in effusive, 
holocrystalline, igneous rocks can be drawn. They seem to hold good for the 
Roman Region, but whether they are of more general application or not must be 
determined by future investigation. The more spedal conclusions are first given, 
followed by those of a more general character. 

1. Leudte forms invariably in magmas with SiOj less than 52.50 per cent, 

the ratio =r-~ being lower than 13 .0, though it may be higher than this. (Analy- 

JvaO 

tical data are wanting in regard to this last point.) 

2. Leudte is invariably absent, or present only very sporadically, when the 

silica is above 56 . 5 and with the ratio =-~ at least 10 or higher, the upper limit 

bdng infinity. (Anal3rtical data are wanting for ratios considerably lower than 10.) 

3. In magmas with silica varying from 54.7 to 56.3, or those in which the 

silica percentages are approximately those of the natural leudtes, =r-~ varying 

from 20 to less than 10, leucite may or may not occur, and these magmas may be 
regarded as critical ones. 

4. In the critical magmas the ratio =r--^ is uniformly higher, for any given 

^ Cf. Dana, Mineralogy, zSQa. p. 34a, and Hintze, Mineralogies II, 1895, p. 13 11. 
t G. Stdcer, analyst. Bull. U. S. Geol. Sorv. No. aao, 1903, p. 30. 
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silica percentage, in the non-leudtic than in the leudtic rocks, the division line as 
expressed on the diagram falling slo^y as silica increases and rising as silica 
decreases. It is probable that this division Une extends an indefinite distance in 
both directions beyond the limits of the critical group, but analytical data are 
wanting to determine this. 



5. Leudte is most apt to occur in the mode when the ratio 



K,0 
Na.O 



is greater 



than unity (perpotassic and dopotassic subrangs), the tendency to the formation 
of leudte being proportional to the ratio; leudte is not apt to be formed if the ratio 
approximates to unity (sodipotassic subrangs); and leudte does not form when 
the ratio is less than unity (dosodic and persodic subrangs). 

6. The prohibitive tendency of high soda may be overcome by a low ratio of 
silica to potash. 
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The more general condusions which may be drawn are: 

7. The formation of leudte, or its modal occurrence, is directly dependent 
upon the chemical composition of the magma. 

8. The chief chemical factors involved are the percentage of silica, the ratio 
of silica to potash, and the ratio of potash to soda. The relations of the other 
constituents are apparently of subordinate importance, if not quite negligible in 
some cases. 

9. The ratio of potash to soda is of subordinate importance to that of silica 
to potash. 

10. Leucite does not occur in rocks with an excess of silica, or more than 
suffident to saturate the bases completdy and form the most highly silicated mineral 
molecules possible, that is, in magmas where quartz would occur in holocrystal- 
Une types. 
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11. The presence in the norm of such mineral molecules as nephelite or olivine, 
which axe capable of being more highly silicated, is a necessary condition for the 
formation of leudte if there is no normative leucite. Of these nephelite seems to 
be the most important, modal leucite being usiially formed by a readjustment of 
silica involving the formation of modal albite from normative nephelite. 

12. When leucite is found in the norm of a rock it is also present in the mode. 

13. It is probable that the formation of leudte antidpates and determines the 
distribution of other mineral molecules, as those of Na^O in albite (as modal plagio- 
dase rather than nephelite, or as (Fe,Mg)0 in hypersthene (as modal augite) 
rather than olivine. 

Returning for a moment to the diagram, and antidpating part of a theoretical 
discussion which will be published elsewhere, it may be pointed out that the line 

A-B represents the limiting value of the ratio =r— ~ for persalic magmas, in which 

leudte would be present in the norm (and hence also in the mode according to 12 
above), on the assumption that the affinity of potash for silica is greater than that 
of soda. For a given silica percentage, if the ratio in question falls below this line 
the rock will be leudtic. If the ratio is above this line for any given silica per- 
centage the rock may be leucitic actually, but is not necessarily so, the tendency 
to the formation of leudte in the mode decreasing rapidly as the silica-potash ratio 
rises above the line. 

It appears from this that the so-called "critical group" is, in reality, one of 
rocks whose silica-potash ratios fall very dose to the limiting curve for the forma- 
tion of leudte, and that the apparently sensitive or nearly balanced chemical con- 
dition of their magmas, where very slight changes in the physical or physico-chem- 
ical conditions would either bring about or prevent the formation of leudte, is 
presumably due to this fact. 

The line C-D indicates the limiting values in persalic magmas of the possible 
formation of leudte due to deficient silica. Below it for any given silica percentage 
there is an insuffident amount of silica for even leucite and nephelite, and hence 
such magmas would seem to be incapable of existence, unless such a mineral as 
kaliophilite (KaO.Ala03.2SiOa), were present. It is interesting to note that the 
only two analyses which fall below it here are Nos. 42 and 44 on page 146, the rocks 
corresponding to which contain notable amounts of akermanite in the norm, and 
of modal melilite in one case at least. 



7.-:= i:^:?:5.t:3n Zr r\r._y.. 

'X vs.r -Ti. -L.T* '-iJ.: .: ::r u..- : : -^*ir-'t:ii "^-t iszi:r.ziz :z "rii-^ iz icTiKsiS rocks 

-. '^T^ -.•t-.'i'. n '. ■ *T : *»*T If IT iZ'- -> :_ v^ T jtii "y : z.'t-'in — :c tiiiw It vUI be 

H— .*•'.. -i-.'C* i-">- V:»rr .-l~* i^Jliri ir:*-i6:-* :: izs '^i'i'^^TtL.i :cj::rrKJCC, and 
v.* :-.rru*rr ."-l- i»/„v.*:: :-:I "* Jx-L TirUt!:* re li-* Irzjf:-^ r:»i? :c r:< United 

j'-i'-v. zi,T * .i'"-*T i''iT£.rt '■tT:*T.iir't* "* r" tr.* r"«:JLi frm ti. ■* '•i-csrz £ijd iDore 

y.c".: '.c ..*-» -•;-. V. — -i -JLi: :: -s.t liTilir^ i? .- nLit*:z :: ii'* i-ji'cr crfrr.ic2d 

V.r '--iM f.r r-_i i -l-r-rr'.- ir* -r-f.rr-iLi:*'- >:— ^~^: fcirrj. L: the 
.'r*-^.-. .-'-••L- -.: v.* Vr„-t-i 5"-i:*r Si I Ll- :e*z i*:er=iiz'?i vey frK-ectij by 
V-.* '..•.*--..•.-. -.: v.* G-t.!:'r:::il E'-r.*-. *^'^r.H' [z. 's.t =>;■:* ^^nscl: iz-ilvres^ wi ' t e x e 
.: . ..- ir.i-..; .xc^ ::r. I: i- ii<: rs-r-lirly ir.srrzi::*! :- ±* ±iciLiC5 o« the 
O^.'. ■-•:"- ■-=.. ". .r*r- :: Nr~ 5»' -'Ji ^^ i".**. ir.-i "r.i.f ':■?;■ ''*^*^— •'-**■•" frcc-tz-v in 
v.* rxi:.. -.: ihil-ii G-:ir-i ij Pr::*^>:r T B. Hi.rrl>:r_ F.r "."n? izTiecus rocks 
'/. L.r.z^. Lt ^tll a.: :: .\--ii i* i .\:rl:i ie:em:r-i:::r^ :: SiO izt il=?:^ non- 
^ril*.*r.* V-V-^ i-rt-^T-ttc Li thir toier '!"*i"r i-»:-: ih* :r_lv rr.s* :: b* fc-und. In- 
cwr: iiO. s.: "sr*!! 2l: :z:'.'rZ if "jie :ir.*r nir.ir : : r^^iir-*- "^- 2iv* :<*=: ukiaIIt nec- 
>r.-*r: :- r-.-.k s.r-i>:i- 0"-tf::e :: -Jic -iir. r.r-irr-*?.:?. T: J.. P-Oc sec MnO 
ir* v.* vr.'.v ziL-'.r ci.fr5 :: -ariiiij: i-.-.e-rl:- ii ;:rr.=i:rl- r^ii 

C^ri:*J ;r. :•;:. 'ie £r.:re. c.c: ;*r :tz.z. r*ir.*: :i>e-i jr.'y c- ir-ilyf<< cf rocks ot 
the ITr.i^JK .Siite?. T-ii Trif li:er ^.r.i r-::e^-:-.e".v ni^^i :: r c^. c C5. ird c.oSo, 
the^ Ir-rtt i,yj.'/ii2 cr.ly :: ±e :~.€-: .l; rxk? :: 'S.t Uri:ei 5u:e<- Tbe mson 
for tr-e zr%&: clfercnie i«r«-ee- ±e fcirlier e<::--i:ei ir.i -jie li:e-: is :>.e iifere::ce 
in c:«thod of con:p--"ii.z ±e =ei-.-.' I- ±e ej.rl:er fe.t:r.i:e< H -jie ir.ilyfc* were 
averazed a^ if each -ra- c:=:p-'.e:e. "Brhi.e ir. -j-.e iis: :re ie:err:.:r.L-i:r.? :Vr «:h con- 
itittient were avcrared =ephir:i:e".y. .\5 BiO wi> -;: ieterrir.ei :r. mzy wM the 
analrses, this would lead :o lew fr.:re? by :he frrrr.er r:e:h:v;. 

• W. F. KZccraal /#^ .4m Ci^. Sec. X*." : JC4. ;. .*:. 

♦ J. H. L «'.<L Zfia. ^si; Cesk*. '.<ji. 7 rj:. 

tW. F. KZMFJnad. B^ L'. 5 G^^ S^ V: --an :•.:• 7. :: 
f f. W, Cane. Bel. U. S. 0*>- ^crr. Vc -i :>::. 7. li 

I Gvke. E-ila. U. 5. GtoL S^s-r Ni. :*». :s:- 7. :3 Njl ::.«. :>>: 7. :«. N,- *i5 :jc* ?. i> 
ICtefcc BcX I'. S. GtxL S^. S':. xs!. :)C4. 7. :: 
188 



THE DISTRIBUTION OF BARIUM. 189 

Assuming that the value of o.ii for BaO in the igneous rocks of the United 
States is correct, it must be noted that the data include many analyses of rocks from 
regions where this constituent is prominent, and to judge from the meager indica- 
tions at hand for other parts of the globe, it would seem that the average for the 
earth as a whole is considerably lower than this. Exactly how much less it is im- 
possible to say, but it is probable that the average percentage of bariimi in the igneous 
rocks of the globe may be put at about 0.05, equivalent to about 0.06 of BaO. While 
this figure is based on admittedly insufficient data, it is probably not far from truth, 
and may be accepted provisionally for the present For Europe, at least, it is 
imdoubtedly less than for the United States. 

Examining analyses in which BaO has been determined, those of the United 
States, New South Wales, British Guiana, and the Roman Region, it is found 
that this constituent tends to increase as silica decreases, though this is not marked, 
and seems to be subordinate to other relations. These are that rocks high in BaO 
are likewise apt to be high in KaO, especially if considerable CaO is also present. 
On the other hand, rocks high in Na^O, and those which are docalcic or percaldc 
(that is with very subordinate amoimts of the alkalis) show very small amounts of 
BaO as a rule. 

All the specific data can not, of course, be dted here, but the following illustra- 
tions may be given. In the rocks of the Leudte Hills in Wyoming, which are the 
richest in potash as well as in bariimi so far known, with an average percentage of 
10.53 for KaO, BaO is 0.80, in the Central Montana Region the average for KjO is 
4.75 and that of BaO is 0.33, whQe in the Roman Region the figures are respectively 
7.93 and 0.16. The average percentage of K^O in central Montana may not seem 
very high, but it is very considerably above that for the igneous rocks of the United 
States, 2.93,* or for the earth, 3.i6.t That for the Roman Region is much above 
this, and relatively high potash is also shown by the frequent occurrence of leudte 
rocks in both regions. While the figure for BaO in the Roman Region may seem 
low, it is above the average one as stated above, and certainly above that for Euro- 
pean rocks so far as the data at hand allow us to judge. 

Examples of the converse of the above among the rocks of the United States 
are so nimierous that it is needless to dte instances. An examination of the analy- 
ses recorded in the bulletins mentioned above will disdose the frequency of figures 
for BaO varying from o.io to none in the rocks of comagmatic regions where leu- 
dtic rocks do not occur, and wh^ Na^O is the dominant alkali or where salic lime 
dominates over the alkalis. Similarly in British Guiana the analyses of Professor 
Harrison show an average percentage for K^O of 2.47, while that of BaO is about 
0.02, and this latter constituent is reported as absent in half the analyses. 

The igneous rocks of New South Wales furnish somewhat different results. 
Here 46 excellent analyses published between 1902 and 1905 in the records of the 

• Clarke, BuU. U. S. GeoL Surr. No. aaS, 1904, p. 19. 

t Washington, Prof. Paper U. S. GeoL Surr. No. 14, xgos, p. 107. 
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Geological Sun'e>' show an average for K«0 of 2.61, that for BaO being 0.094. 
Thi- hzuTt for KjO is distinctly below the average for igneous rocks as a whcde, 
while that for BaO is somewhat abo\-e the average afaeidT given. Also the rocks 
of the countr>'. so far as known, are relatively high in soda, doeodic and sodipotassic 
subrane^ predominatirig. and nq>helite being quite common. But it is notable that 
the hiehest Dsnires for K,0. 0.32 and 0.30, are reported for the ^'kudte^basalts" of 
B^-enxk and El Capitan. and that in the "oliWne-basalts" and ''monchiquites'' the 
percentages of BaO are expressed in a few hundredths of i per cent. 

In greater detail it will l^e found that for any region the ^-axiation of BaO corre- 
sponds in a general way with that of KjO. though there are exceptions to this in 
all. From the facts above we may infer, at least provisionally and with due 
recognition of the in^uffuienc}' of our data, that there is some correspondence 
between the K^O and the BaO in igneous rocks, and that the two go hand in 
hand more or le^s, the detailed relations varying wirh the special characters of the 
region. 

But while such a general corre>pondence is thus indicated, it can not be denied 
that there are exceptions and that there does not seem to be any strict proportionality 
between the amounts of the two con>tituents, at any rate when different regions 
are con.^idered. This is illustrated by the figures for the Roman and the Central 
Montana Regions, and among the analyses of the rocks of the United States, New 
South Wales, and the Roman Region cases can be found with quite hig^ figures for 
BaO, connecter! with relatively low ones for KjO. 

It would seem, therefore, that the distribution of BaO, while almost certainly 
connected in some way with that of K,0, is dependent also upon more general 
magmalic or regional characters. It is uncertain as yet whether the correspondence 
between the two, assuming this to exist, is due to some relation between potas- 
sium and barium as elements, to the similarity of their beha\ior in regard to the 
physico-chemical processes involved in the formation or differentiation of igneous 
rocks, or finally to a mere coincidence, the correspondence being brought about by 
chance segregations in the earlier stages of the formation of igneous magmas in the 
Ixxly of the earth. 

The present case seems to be analogous to the predilection of ZrO, for sodic 
rocks and that of Cr^Oj for those high in magnesia. Exceptions to both of these 
are known, in the sense that highly sodic rocks are found with little or no ZrO, and 
highly magnesic ones in which Cr^Oj is absent. But the general correspondence 
between these pairs of constituents, as well as between others which might be men- 
tionefi, is now generally recognized in petrolog)'. 

In view of the common and widespread occurrence of such correspondences, 
the exceptions should not be held to invalidate the final conclusions as to the distri- 
butions. They indicate rather that the relations are more complex than is now 
apparent, and that the distributions of the rarer elements, as well as of the more 
common ones, among igneous magmas or rocks are the resultants of many factors. 
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Whatever be the true facts it is clear that such problems are of considerable 
importance, not only to petrology but to other sciences as well, and that for their 
solution complete chemical analyses of igneous rocks and the determination of 
constituents which are usually disregarded on accoimt of their rarity are absolutely 
essential. 

As to the minerals into which the BaO enters in igneous rocks, the data are as 
yet imsatisfactory, since many mineral analyses have su£fered, like those of rocks, 
from neglect to determine the rarer constituents. As shown by the analyses in 
Hintze's Mineralogie, by those in Bulletin No. 220 of the U. S. Geological Survey 
(1903), and as pointed out by Vogt in the paper dted above, BaO has been found 
in many feldspars, though it has been looked for only exceptionally. It would seem 
to be most conmion in orthodase, soda-orthodase, and microdine, presiunably as 
the hyalophane molecule, and has also been noted in a few soda-lime fddspars, 
where it doubtless exists in the molecule of cdsian. Its presence has been detected 
in both muscovite and biotite, sometimes in very considerable amount, up to as high 
as 6.S4 of BaO, while it seems to be absent from, or present only as traces in, the 
pyroxenes and amphiboles. It will be noted that these facts of distribution among 
minerab, showing that BaO is most prominent in the potassic minerab and least 
so in those poor in potash, are in line with the observations as to the distribution 
of BaO among igneous rocks. 

There does not seem to be any record of the presence of BaO in leudte, at 
least none has been found in a search of the literature. A large leudte from the 
viterbal vicose of Garofali in the Auruncan District was examined, and furnished 
0.09 per cent of BaO, while the similar rock from Monte San Antonio gave 0.33 per 
cent. It is expected to examine other leudtes in this regard, but it would seem 
from this result that the BaO in the Italian rocks exists, for the most part, in the 
fddspars, and only subordinatdy in the leudte. 
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Absolate ehemloal oharaotan 148 

Abundance of sabran^s 172 

Aoqnapendente i, 45, 48 

A^eof eraptions 175 

Alban Hills. See Latian District. 
Albanose: 

Analysis of 181,135,190,147 

Description of 180,182, 188, 188, 140 

Oconrrence of 182, 187, 140, 161, IM 

Albanose-Jngoee : 

Analysis of 124, 147 

DescripUon of 128, 125 

Occurrence of 125 

Amiatose 1«2, 170 

Analyses: 

Albanose 181, 186,180,147 

Albanose-jogoee 124,147 

Andesite 88 

Appianoee 51, 147 

An«ite 184 

An^te-trachyte 20, 147 

Aoroncose 80, 88, 88, 147 

Beemerose 47, 147 

Biotite-Utite 58,88,147 

Biotite-Tulsinite 88,147 

Braocianose 104, 100, U8, U8, 118, 147 

Cascadose 127 

Cecilite 180 

Ciminite 68, 75, 147 

Ciminoee 50, 68, 67, 72, 147 

Ciminose-aaronooee 80, 88, 147 

Ciminose-monsonose 88, 147 

Fiasoonose 127, 147 

Foyaite 51 

Ganteite 75 

HaftyniUo lencite-tephrite 51, 147 

Janeiroee-appianose 51, 147 

Jo«ose 124,147 

Latite 56, 88, 147 

Lencite-basalt 186 

Leocite-basanite 127,147 

Lencite-phonolite 47, 147 

LeQolte4ephrite . . 48, 51, 72, 80, 88, 02, 07, 101, 

104, 100, 118, 116, 117, 118, 147 

Lencite-tingnaite 51 

Lencite-trachyte 86, 48, 67, 88, 02, 147 

Leocitite 100, 118, 124, 181, 186, 180, 147 

Melilitio lencitite 180,147 

Minette 127 

Missoorite 181 

Monaonose 75, 147 

Nephelite^yenite 47, 51 

Nordmarkose-phlegrose 20, 28, 147 

Obsidian 28,147 

Onachitite 127 



Analyses: 

Peperino 56, 147 

Phlegrose 20, 28, 28, 147 

Proeenose-pnlaskose 48, 147 

Polaskose 48, 147 

Shoehonoee 88, 147 

Table of 147 

Tavolatite 51, 147 

Trachydolerite 75, 147 

Trachyte 20, 28, 28, 81, 86, 48, 50, 68, 75, 147 

Trachyte-obsidian 28, 147 

VesnTOse 122 

Vesnyose-braccianose 118, 147 

Vicose 02,07, 101,147 

Vicose^iminose 72, 147 

Vulsinite 81,86,147 

Volsinose 81, 86, 48, 50, 75, 147 

Volsinose-ciminose 50, 147 

y olsinose-pnlaskose 48, 147 

Andesite, analysis of 88 

Angoillara 6, 182 

Appianose : 

AnalysU of 51, 147 

Description of 60, 54 

Occurrence of 53, 164 

AppianWay 51, 53 

Apulian Region 1 

Arcioni U8, U4 

Arsal monaonose: 

Analysis of 75, 147 

Description of 74, 78 

Arsal Tulsinose-ciminose : 

Analysis of 50, 147 

Description of 58, 68 

Arso 8, 74, 75, 76, 77, 78, 157 

Aspenal monionose, analysis of 75 

Astxoni Volcano 81, 88, 42, 43, 44, 75, 78, 157 

Atrial braccianose: 

Analysis of 116, 147 

Description of 115, U7 

Atrio del Gavallo 8,116 

Augite: 

Analysis of 184 

Occurrence of 157 

Augite-trachyte: 

AnalysU of 20, 147 

Description of 10 

Auruncan District. .2, 7, 21, 26, 20, 83, 86, 40, 

61, 84, 88, 00, 02, 04, 110, 122, 164, 167 

Auruncose: 

Analysis of 80, 88, 86, 147 

DescripUon of 79, 82, 84,85, 87 

Occurrence of 81, 84, 87, 161, 166 

ATerage Magma 167, 174, 175, 170 
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BatfoaU 41, 5«. 67 

Ba^norea 67, 08, 70 

BaffDoreal eiminose : 

Analysis of 67, 147 

Description of 67, 70 

Bagnoreal rioose: 

Analysis of 97, 147 

Description of 67, 70 

Bagnoreal Tulsinose: 

Analysis of 36, 147 

Description of 40 

Barium, distribntion of 188 

BeaTeral janeirose, analysis of 51 

Beemerose: 

Analysis of 47, 147 

Deecriptionof 46, 49 

Ooearrenoe of 49, 161, 163 

Berioan Hills 1 

Biotite-latite: 

Analysis of 56,88,147 

Deecriptionof 54, 88 

Biotite-mlsinite, analysis of 88, 147 

Bolsena 4, SI, 83,59,132, 161 

Bolsenal Tnlsinose: 

AnalysUof 31, S9, 147 

Deecriptionof 30, 84 

Bolsenal ▼ulsinoae-polaskoee, analysis of .. .43, 147 

Boseoreale 107 

Bovalalbanose: 

AnalysUof 139,147 

Deecriptionof 138, 140 

Braoeiano 97, 99 

Braocianose: 

Analysisof 104, 109, U3, 116, 118, 14? 

Description of. 103, 106, lOT, 106, Ul, U5, U7, 120 
Ooearrenoe of. .100, 107, 110, U4, 116, 130, 

161, 163, 164, 160 

Breccia 55 



Campanian District. .2, 8, 21, 86, 75, 78, 104, 

106, 116, 118, 130, 165, 186, 167 

Campiglia 1 

CapodiBove 130, 140 

Capodimonte 4 

Capranica 41 

Caprara 31 

Carbone 21 

Casa Fredda 21 

Casi 26, 83 

Cavorcie 41, 65 

Ceocanal fiasconose 129 

Ceocano 129 

Cecilite: 

AnalysU of 189, 147 

Description of 138 

Cellal venansose 159 

Cerreteri 1 

CiminUn District.... 1, 5, 26, 29, 36, 89, 41, 
56, 57, 59, 61, 63, 65, 67, 70, 72, 73, 75, 

78, 81, 92, 94, 162, 100, 167 



Giminite: 

Analysisof 68, 75,147 

Deecriptionof 68, 74 

Ciminoee: 

Analysisof 59,63,67, 72, 147 

Deecriptionof 58,62,66,67,70,71, 78 

Ooearrenoe of 61, 66, 70, 73, 161, 162, 163, 165 

Cimino Volcano 5, 57, 61, 63, 65, 86, 162, 168 

Classification of rocks 11 

Clathrate textnre 109 

Colonetta 63, 65 

Comagmatic region, ase of term t 

Copper, presence of 135, 149 

Correlation of types 141 

Cremate 78 

CrocediSanMartino 81 

Crociechie 109, UO, U8 

Cama 23,24, 29 

Carnal phlegrose : 

AnalysUof 23, 147 

Deecriptionof 22, 27 

Dellenoee 170 

Dikes, rarity of 144 

Epomeo Volcano 8 

EaganeanHilU 1 

FedoroTite, analysU of 134 

Feldspar, origin of , in leadtite 112 

Fiasoonoee: 

AnalysUof 127, 147 

Desoriptionof 128, 129 

Occarreneeof 128, 161, 164 

Fiescolal eiminose : 

AnalysU of 63, 147 

Deecriptionof 62, 06 

Fiordinal fiasconose : 

AnalysUof 137,147 

Desoriptionof 126, 129 

Fiordine 127, 128 

FlowbreceU 56 

Foglianal ciminoee-aarancoee : 

AnalysU of 80, 147 

Deecriptionof 79, 82 

Foglianal Ticose: 

AnalysU of 92,147 

Description of 91, 96 

Fontana Fiescoli 68 

Formal descriptions, discussion of 15 

Fosso della Parobetta 72, 78 

Foyaite, analysU of 51 

Frascati 132 

Frosinone 114, 185, 137 

Oaleral albanose-jugose : 

AnalysUof 124,147 

Description of 123,125 

Oaleral bracoianoee : 

AnalysUof 109,147 

Description of 108, 111 

Oaleroid habit 109 

Oauteite, analysU of 75 

Olass, ooearrenoe of 100 
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Gradoli 45 

Grads, hm of , diMiiMed U 

Qranatello ISO 

Gricnano 86, M, SB, 89, 92 

Giotto Femto 114, in, 140 

Halite, use of, in the norm 15 

Hanose: 

Analysis of 56.147 

Description of 54, 5ft 

Ooeorrenoeof 57, 162 

Haftynitie leueite-tephrite 51 

Hemioal braecianose : 

AnaljsUof US, 147 

Description of Ill, 116 

Hemican District...:, 7, 112, US, 114, 129, 

186, 137, 164, 167 

HIcfawood Monntoins 75, 127, 181 

Homologoos types 142 

Hornblende, rarity of 159 

IlcbJa ^a, W, 29, 21, 26, 27, 28, 29, 76, 78, 166 

Itieh inl Dordm a rkose-phlegrose : 

Analysis of 20, 147 

Description of 19, 21 

Janeiroee-appianoee : 

Analysis of 61, 147 

Description of SO, 64 

Jncose: 

Analysis of 124,147 

Description of 128, 126 

Occurrence of 126, 161, 166 

Lagoaello 94, 122 

Lake Bolsena 8, 99, 102, UO. 122, 181. 182, 161 

Lake Braooiano .. .6, 47, 49, 94, 109, 110, 182, 187, 168 

Lake Messano 4 

LakeVico 5, 70, 75, 78 

L'Arso 8,74,75,76,77, 78 

La Scale 118,120 

Latere Volcano 4, 45, 49, 161 

Latian District.. .2, 6, 61, 68, UO, 112, 118, 

U4, 182, 189, 140, 164, 167 
Latite: 

Analysis of 56, 88,147 

Description of 54, 88 

Lencite, formation of 181 

Lenclte-basanite : 

Analysis of 127, 147 

Description of 126 

Lencite-phonolite : 

AnalysUof 47,88, 147 

Description of 46, 49 

Use of term is 

Leooite-tephrite : 
Analysis of.. 48, 51, 72, 80, 87, 92, 97, 101, 

104, 107, US, 116, 147 
Description of... 60, 64, 71, 79, 88, 92, 96, 

100, 108, 116 

Leucite-tingnaite, analysis of 51 

Lencite-trachy te : 

Analysis of 36, 48,67,88,92,147 

Deecription of 84, 40,41,67, 82 



Leocitite: 
Analysis of. ...109, 118, 122, 124, 181, 185, 188, 147 
Description of 106, 111, 121, 128, 180, 188 

Madonna della Qoercia 66 

Madonna del Riposo 97. 99 

Madonna d'Oro 114, 140 

MAKma. sTOrane 167, 174, 175, 179 

Hac^iu> dbtribatioQ of 166, 172 

Maiwcocoo 19,20,7121 

MartiDflJ vIoosQ^immose: 

Analysis of 72, 147 

Description of 71, 78 

Melilitic leucitite, analysis of 189, 147 

Methods of nnalyiiie. 10 

Minor coadtitu:ei;ite, dBtercumatiot) of 18, 60 

IfisflOiiral ^Ibanoee ISO 

Itl&soiirita, aaatyaia at 181 

Mode, relationof norm to 154 

liotifltial ■bo^botioSQ 

Analysis of 88, 147 

Description of 88, 90 

Montona 51, 75, 127, 181, 109, 177 

Monte Amiata 1, 158, 162 

Monte Bisenso 45, 99, 108 

Monte CaWefflia 46 

Monte Calvario 1, 6 

MoDteCatini 1 

Monte Cavallo IQI, 108 

Monte Cayo 6, 182 

Monte Ciliano 57, 66 

Monte Cimino 5,24,57,63, 65 

Monte diComa 23,24,26, 29 

Monte di Procida 26, 27, 29 

Moatefiasoone 4, 114, 124, 126, 127, 128, 140 

Monte Foffliano 5, 92, 94 

Monte Jnco 124, 126 

Monte Levo 40 

Monte NnoTO 23, 24, 26 

Monte Pallansana 61 

Monte Rado 131, 182, 187 

Monte Raschio 121 

Monte Rotaro 8, 21, 26, 27, 28, 29 

Monte Snn Antonio 86, 92 

Monte Santo Crooe 7, 88, 90, 166 

Monte San Vito l, 6 

MontoSomma 8, 106, 107, 116, 144, 165 

Monte Tabor 8, 26 

Monto Valentino 81 

Monte Venere 5,6, 7, 69, 70, 168 

Monto Vico 5, 23, 24. 26, 26, 86, 89, 41, 59, 61 

Monto Vulture 1 

Mount Vesurius 8, 104, 10^ 107, 116, 165 

Monsonose : 

Analysis of 75, 147 

Deaeriptiofl of 74, 78 

Occurrence of 78, 168, 165 

Necrolito 57 

Nephelite-syenito, analysis of 47, 51 

Nordmarkose-phlegrose : 

Analysis of 20, 28, 147 

Description of 19, 21, 22 

Occurrence of 21, 26 
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Norm and mode, relations of,.. ...*.....*. IM 

Noselite, disose of, Iq norm ,.«,*...,..,,,.„, »^ lA 

Ol»ldUii. ...,..,.,.....*.,, *..*.*,,, ,, n 

Ollbaao .*........,,p n 

orcbi .»..,.»,„,..,, as, «^ tS, U 

OrciaUeo ......*....,.* **,,.., .,,.. 1 

Oriolo ,19, m, 123 

OrrijDUl aurQooosft: 

Aiiftljfiisof - ,., .„...,,.,,.. „W. 1*7 

DftficriptioD of,*..... »,.,..*.... 8K, |tT 

Orri^tol ririMvae: 

AnaJriiior.. ..,., m,w 

Do^eripticm of 100, 102 

Orvieto ..A, TO, 87, »4, UH, 103, 125, 161 

Ostflda d»l TaroUto.. ...*,.,. .51, 53 

CMneMUte.ttiiftljaisor,. 127 

Paflial proeeooao-piilftskoie ; 

AoAlytUor.. ..ia, U7 

Doflcriptloti of . ....,11, 14 

PmllADMnftl tdI alDoso, deso rtption of 10 

Pkhxa.... ...♦ m 

Pflpodno. ..........10, 57 

Potrifloo.. a 

Pf!itmgrapbiic proTimse, use of tfirm ▼ 

PhlagTean FiQld0...a, 21, 23, 24, 20, S», 31, 

33, tS, 13, TS, 11, im 
Py^rose t 

AnalfRifi of . ........... 30, 23, 117 

Bweriptionof............. IS, SS, 27 

OoeiirrsDi^ of ............ H, BS, Ifll, 162, 163, l(tt 

PhoDolitio trAobrlA; 

AnaljfliB of............ £3, 147 

DoskcripUon of...*. .,.....^.* .,,.., .^..,* ft 

PiatiQra M 

PiaDQr&i phlef rose.. . ..... «,...., — M 

Pipenio,.* ,,...,........ SB 

Pofl ........7, 114, 135. lyj 

Po^jrio Ch¥tUflra .7it 75, 7<S, 78 

Woggi<i> Cotosmola ...,....,,♦♦..,... 97, 99 

Poi^ffio M uracil a 47, 49 

Po«iffio Tondo. 49 

Porntio .......................................... ICffl 

Portiat .. 130 

Prota.. ,...,,,,., 122 

PfMsetio........ 12,43, U, IS 

ProeonoB«kpnla5kcKM ; 

AttAlfsiaof ......43,147 

HeserlFthm of .41, 4« 

OcscarreEMM of .45, Ifil 

Proeida ...,,..,.,....**,.,.....*..„,..*.....,.* ft 

Pfofrreftsjon of ijptti ,..,...*.... . ^ . * Iflt 

Pnlaskoae: 

Analysia of .43, 147 

DescHptIoDOf...,.,.», « ...41, 46 

Occorr«iije«of....... .......43, ISl 

Pniitodi CaiUgUon*.,..,,. ♦..„..,. ........... 28 

Qnarti, rarity of......,.,.....,,...,...,,., . 159 

Eftdloofanl.. ,. ,. 88 

Bartt aartbiK octiurr^Do^ of ....,..,,... , 43 

Bagiooal progt^esioa of lfp«i.. .. .. .,.„...... 169 

Boom di Pips .<.... .,..,..11^ 114 



Rooca Moniltia.... .................... ........7, iQ 

Roocaatrada, .......,» ....... „ , 1 

Rooktrpo«, tabloof.,... II 

Eomal albauoae : 

Aoaly&bor .....m, 147 

CeacdpiloQ of... .........27, f» 

Romal TasiiToa« t 
Analysis nf. ..,..,,. ,........<•....•«•«., ,.i... . 133 

Bsscription of .. . . ,.,..,..,,,»...••*,...«.•,.. 121 

Booeiflionft 41 

Botorsl pbleffTOM: 

Analjsiaof. ..............,...,.ffl, 147 

Dsacfipifoa of..... ...... ...................27, 29 

Botonddla ....,,..-,,. .....43, 15 

BabAtlDAl beemeroM: 
AuaLyais of.... .,,........♦,,.„,........., .47, 147 

D&wriptiioii of.... .... ....,..,. 40, 49 

Sabalit^lan District ... 5, 47^ 49, 94, ^, 99, 

106, UO, 114, 1*1, tSt, 133, m, 140, 1«S, 161 

Sacoal ftllMiioM : 

Analiaiaof...,..,,.,.. „..,,.... 136, 147 

DodcFiptlOD of ...133,118 

SaoeoBiTei........ 7 

Sao FraDOflsoo^......... ,,,,.,,..,,...«. .... 139 

SaD OioTBDQi di SLada ,.«...,..,....,...... 01 

San Loreaeo.... IS 

Ban Martino , .......39, 71, U 

San Boooo ..-,.*«....,»,.. .,8Si W 

BanU UarUdiOalan.... 110 

Santa Tflnila.. - .*..... 94 

SaMi Lanciati.... IS 

Sealal TasuTOse^braoclaooM : 

AnalyeiBof. .......US, 147 

P^enptJoQ of....-.......................U7, 130 

Soanalla....... 21* M 

8alTa dd Laroone...... ., 4 

S«Hal ob6inl«aI cb&melers. . ............. ..143, ISO 

ShoHiioaoaa : 

Aaalfala of..... B8. 147 

Be^eriptiao of............ ............Sa. 99 

Ooearraneaof...... ........,.,*„ ^.90, 165 
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3oriaiial hamaeo; 

Analysis of ...,.,..56. 147 
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Soriano ,...,.....,,,...,,17, li 
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TaroUtal Jaaeiroaa-appianoie : 

AnaJjrsii of.. ..,..,.. .....i^l, 147 
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TaTolatite: 

Analjvis of 51, 147 
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Tolfa 1 

Torre Annansiata 120 

Torredel Oreeo ^....118, 120 

Tbscanella 86, 87 

Trachyandesite 57« 86 

Traeliydolerite, analysis of 75 

Trachyte: 

Analysis of 20, 2S, 28, 75, 147 

Description of 19, 22, 27, 74 

Trebianello 110 

Treyignano 132, 140 

Taoro 84 

Tuscan Region 1, 2, 3, 145, 158, 162, 170 

Tuscolam 140 

Type, definition of 12 

Types: 

Correlation of 141 

Descriptions of 9, 12 

Progression of 109 

Succession of 176 

Table of 14, 147 

Valentino 125 

VenauKite 159 

Venetian Region 1 

Vesbal braccianoste : 

Analysis of 104, 147 

Description of 103, 106 

Vesbian Volcano. See Vosuyius. 

VesuYius 8, 1(U, 105, 107, 116, 118, 120, 159, 165 

Vosuvose: 

Analysis of 122 

Description of 121 

Error in regard to name 104, 123 

Occurrence of 122, ICl, 163, 164, 165 

Vesuvose-braccianoso : 

Analysis of 118, 147 

Description of 117, 120 



Vetralla 59, 61 

Vicarello 48 

Viooite 95 

Vieose: 

Analysis of 92,97, 101, 147 

Description of 91, 95, 96, 99, 100, 102 

Occurrence of 94, 99, 102, 161, 163, 165 

Vicose-ciminose : 

Analysis of 72, 147 

Description of 71, 73 

Vico Volcano.... 5, 22, 23, 25, 26, 36, 89, 41, 

61, 73, 78, 81, 92, 94, 157, 162, 163 

Viterbal Tulsinose : 

Analysis of 36, 147 

Description of 34 

Viterbite 40 

Viterbo 24, 40, 56, 57, 73 

Viterboid habit 35 

Vulsinian District... 1, 3, 31, 33, 45, 61, 67, 
70, 86, 94, 99, 101, 102, 110, 114, 122. 124, 

125. 128, 131, 132, 137, 140, 101, 166, 167 

Vulsinite: 

Analysis of 31, 59, 75, 147 

Description of 30, 58, 74 

Vulsinose: 

Analysis of 31, 36, 147 

Description of 30, 34, 40 

Occurrence of 33, 39, 41, 161, 162, 163, 165 

Vulsinose-ciminose : 

Analysis of 59, 147 

Description of 58, 62 

Occurrence of 61 

Vulsinose-pulaskose, analysis of 43, 147 

Zale 21 



